Phil fo ſophia Britannica: 


A New and 8 


SYSTEM 


OF THE 


Newtonian PHILOSOPHY. 


ASTRONOMY and GEOGRAPHY. 
IN A 


Courst of Twelve LECTURES, 


With: M.-0F.3-4 
CONTAINING 


The Paysrca, Mzc# ANICAL, GEgoMETRICAL, and 
EXPERIMENTAL Proofs and ILLUSTRATIONS 


of all the Principal Propoſitions in every Branch of 


NATURAL SCIENCE. 
ALSO 
A particular Account of the InvenTION, STRUCTURE, 
ImeRovEMENT and Uszs of all the conſiderable 
IngrzumenTs, Encines, and Machinzs, 
With zew Calculations relating th their 


„ NAr uz, PowzR, and. Or EAT LN, 
The Whole dollected and methodized from all the i 
Authors, and public Memoirs to the preſent Year; 


And embelliſþ'd with Seventy. f COPPER-PLATES.. 


By B. MARTIN. 7 


YT toties Animas weterum torſere Sophorum 
nee que Stholas fruftra rauco Certamine wvexant, 


conſpicimus, Nubem pellente Matheſi. Ha L. in Nx wr. Prin. 


Ia Tec Vorruns, - 
VOL. I. 


9 


— 


— — > 


„ 


R E 4DING, 

Printed by C. Micxitwangaur and Ce. for the AUTHOR j 
and for M. Coor ER in Pater-nofter-row, London; R. Ratxys © 
at Gloucefter ; B. CoLLins at 27 and J. Lzaxs, and 
W. Fasp8RICK at Barb, MDCCXL i 


— * «a I 
as * — * 4 
9 G #4? 3 
A . - 5 4 A 
* 
- 8 \ 
* * 
1 
SF, 
* mn 
WP : 
* 
: 
* - = 
F 
5 . 
F - 
: - a 
7 pe * 
| - 
43 
l 
, 
1 
| - 
| a 
* 
9 * - 
N 
x * 
* 
- 
oo „ 
: K | 
0 8 8 
& 
4 
* 8 N 
b - 
* 
| : 
* 4 = ju 
PD 
„ 4 ® $45 © 
| - 
E? . 
F - 
| a . 


To THE 
RieHT HoNoURABLE 
Hr William Lee, Mn. 


Lord Chief Juſt ice of His 
Majeſty's ps of King's 
Bench, and one of Hir 
Majeſty's moſt Honourable 
Privy Council. 


My LORD, | 

8 Britain is the Birth-Place 
A of PitiLosoray, ſo Eng- 
* is its vernacular Tongue, and 


A 2 the 


V 


8 


a -w « — 
* 


DEDICATION. 


the NewTonan Marhefis its peculiar | 
and diſtinguiſhing Dreſs. In this, 
with all its native Elegance and Ma- 


9 jeſty, it attends on Youx Loks 


for Protection; perſuaded that He, 
whom the Wiſdom of the Legiſla- 
ture has conſtituted Jvpox of the 


Laws of Nations and Rights of 


Mankind, - (which are founded in 
the Primary Law of Rzeason) muſt 
be particularly qualified and diſ- 
poſed to patronize a SysTEM of the 
Secondary Laws, and a faint Ds- 
LINEATION of the Divins Geo- 
METRY, of Mature. 


Ir is not, My Loxy, that Philo- 


ſophy has any thing to apprehend 


from the Attacks of 7, gnorance and 
Pedantry, that it t thos recurs to 


DEDICATION. 


Your Lonpshir: All true Sciance, 
and every Liberal Art, is far enough 
above Contempt and Ridicule. The 
only Reaſon is, the Ambition of 
having the Honour of a Patron in ſo 
great, ſo wiſe, and ſo god a Man, 
as Mr Zo CHIRP NEE Ln 


"5 was with ok higheſt Satiafa: 
&ion and Pleaſure, that I had the 
Honour to obſerve, how : nicely) the, 
ſublime Speculations and exalted Di- 
vertiſements of Philoſophy were ſuit- 
ed to Vopx Lonp8mlp's Taſte and 
Turn of Mind; and how | ſtrongly, 
were confeſs'd in each confcious Li- 
neament the 'Pleaſure and Delight 
that aroſe from a near Inſpection of 
the manifold Inftances of Creating 
Power and Wiſdom. * 


A3 | | "Ts 


'Trs true, My Loxp, Knowledge 
is now become not only reputable, 
but even faſhionable, among the 
Great. Many now think it no Diſ- 
grace to be wiſe and learned: We 
can now look up into High Life, 
and view Patriots and Patrons, 
Minifters- and Mecenas's, in the. 
fame Perſons: We' can now boaſt 
our CHrsTERFIELDS and RicuMoNDs, 
our OxRERIRES and MaccLEs FIELDS, 
and many other illuſtrious Perſonages, 

among the Vobles, the Judges, and 
Rulers of the Land, who are never- 
theleſs the Favrors of Learning 
in general, and in particular the Aln 
and Oxxnament of Philoſophy. 


Yer, after all, there is but too 
much Reaſon to with theſe great 
Exem- 
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Exemplars were more common. Tis 


{ad to obſerve how few, like Youk + 


Lon pshir, live up to the Dignity 
of Human Nature, and their exalt- 
ed Stations in Life; that ſoar above 
the ſordid Pleaſures” of mere Ani- 
mal Senſation, and the low Amuſe- 
ments of Vulgar Minds; that can 
reliſh and be delighted with the 
Maxims and Dictates of Philoſophy, 
Religion, and Reaſon ; ; and, laſtly, 
that have Pleaſure in ſearching out 
the Works of the Lord, and con- 
templating the Operations of his 
Hands. 


Tuar Health and Longevity 
may compleat the Bleſſings of Wiſ- 
dom to Your Lorpsrie and your 
auſpicious Oft-ſpring, (whoſe pecu- 


A4 liar 


DEDICATION: 
liar Felicity it is to enjoy not only 


Riches and Honour, but Wiſdom 


and. Virtue' by Inheritance) is the 
—_— Pye: e 


ne, it . YouR Lossen, * 


» 
? \\ 1 


Youn Lower s 27 au. 


and I mf obedient g We 


B. MARTIN. 


— 


— 
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ST 7 TO.OMOMYTY 


PREFACE. 


AVING read and conſider'd the 
Deſign of the ſeveral Books hither- 
to publiſh'd for the Explanation of 
the NEwTONIAN PHILOSOPHY, 
under the Titles of Cmmentaries, Courſes, 
Eſſays, Elements, Syſtems, &c. I 'obſerved 
not one of them all could be juſtly eſteem'd 
a TRUE SYSTEM, or CoMPLEAT' Bopy 
of this Science. wet 241 

I wouLD not here be underſtood to have 
any Deſign of depreciating the Labours of 
thoſe Gentlemen who have gone before me 
on this Subject; I only would intimate that 
their Views and Deſigns were very dif- 
ferent from mine, which is to preſent the 
World with a Puys1co-MaTutMaT1- 
CAL TREASURY of NATURAL Know- 
LEDGE, upon the Principles of the New- 
tonian Philoſophy; which I have been chiefly 
enabled to effect from the Abundance of 
Materials ſupplied by the Authors of the 
Treatiſes in the following Catalogue, each 


— 


of which is excellently good in his Way, 
So that if the Caſe be truly ſtated,” my 
Book may be look'd upon as a General m. 
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pendium or Abridgment of all theirs. For 
as they have all lain before me, I have con- 
ftantly collated them upon every particular 
Subject, as I proceeded through the Work, 
and ſelected the beſt of every Thing I could 
find for my own Compoſition. 

HENCE it is, that where ſome of them 
have been v ery prolix, my. Labour has been 
to — or cs them to a Compen- 
dium of Principles and Eſſential Propoſi- 
tions only. Thus Keil on the Subject of 
Motion and Aftronomy, Muſchenbroek on Co- 
befion, Sir Jaac Newton on Optics, &c. have 
all been treated. 

As Redundancy on the one Hand has 
been avoided, ſo their Deficiencies on the 
other have been ſupplied. Thus Ke:/Ps In- 
troduction to Phile/apby relates to the Me- 
chanical Part only. Profeſſor Muſchenbroek 
has wholly omitted the grand Article of 
Aſtronomy, and the Phyfical Cauſes of the 
Celeſtial Motions and Phanomena, Dr. De. 
aguliers has thought fit to omit the moſt 
eſſential Science of Optics, and is almoſt 
wholly taken up on Mechanical and Hy- 
droſtatical Subjects. V ea, the beſt and moſt 
ral Writer S'Graveſende, in his laſt 
ition of his Elements, falls far — 
— Syſtem or Body of Philoſe 
various important Subjects, as — 2 
appear, by comparing "bis Table of — 
tents with mine. 
rr 


1 IrAxr 


„ r A. 4. otrdtr. 


and their Order and Diſpoſition, or due Ar- 
rangement in the Body of the Work. Hence 
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I TAKE no notice of leſſer Tracts, fince 
few of them pretend to any Thing ſyſtema- 
tically ;-and they who do, propoſe it with 
reſtricted Views, either to the Theory only, 
or elſe to ſome principal Parts or Branches 
of the Science. Thus #orfter's Principles of 
Philoſophy amount to little more than a Re- 
hearſal of Theſes, 2 ſcarce any Demonſtra- 
tions throug - Helſham's Lefures are 
admirably — as far as they go. And the 
Lectures, lately publith'd by the Abbe Nollet, 
are but a Part of his Work, and are in- 
deedexcellent Philoſophical Sermons or De- 
clamations, and ſtrict y in the French Style 
and T;, aft 2% 1 

BuT what others have done is not ſo 
much the Deſign of this Preface to relate, 
as what I — done Myſelf in: this Trea- 
tiſe, which I ſhall _— under the fol- 
lowi ig Heads. | 

F — I have endeavour — compile 
a Compleat Syſtem of Philo the 
F war go: Syn of he Writings and 
Inventions of the Moderns have ſupplied me 
with. Under this Head I have had regard only 
to the Choice and Propriety of the Subjects; 


it is that I have admitted nothing that is 

not of a Phyſical Nature, and omitted no- 
* The Lord | obſerves, 4 
3 Bullion of one Sterling Line, 
ben to Ponch Wie, would the” whole Pages ink 


thing 
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thing that is ſo, as far as the Limits of my 

preſcribed Form would admit me to go, 

Nor are theſe ſo ſtrait, as not to be com- 
prehenſive of every material Branch of na- 
tural Science, or conſiderable Phænomenon, 
as will eaſily appear, from a View of hs 
Gontent and Inder. 

Sgconpt v, What bs been wrote * 
each Subject in every Part of the Science 
has been carefully examin'd, and ſuch an 
Extract made as was judged to give a ſuf- 
ficient Idea or Nation thereof to the Rea- 
der. And where I thought a more exten- 
five View could be of Service, I have con- 
ſtantly referr'd to the beſt Authors on the 
Subject. - 

- Tau1RDLyY, If Fri he hots. . 
given by others, of any particular Branch 
of Science, I could not collect what ſufficed 
for an entire Sketch, I have endeavour'd ta 
ſupply thoſe Deficiencics, in order to ren- 
der every Part compleat, and ſave the Rea · 
der the Trouble o of turning to ſeveral Au- 
thors for that Purpoſe. Remarkable In- 
ſtances of this may be found under the Ar- 
ticles of un, 'H aa pon 05 
Sc. I | 10 Ben 

2 Favernty,: Tf 40 Method at 10 pre- 
ſenting or demonſtrating any Subject. or 
Propoſition by others bat not been 04 
ſo elear, conciſe, or natural as was neceſ- 
ſary, I haye propoſed it in my own way, 
10 anſ wet this important End: For the 
* greateſt 
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gteateſt Excellency of a Demonſtration is 


Conciſeneſs and Perſpicuity. The Watit of 
this is à great Diſcouragement to Phyſical 
Enquiries, as I am but too well convinced 
by my own Experience, and that of many 
others. 24; TY; 
FirTHLY, According to the different 
Nature of the Subject, a various Proceſs 
has been made uſe of to explain or illuſ- 
trate the ſame. Thus ſome Things require 
a Phyfical, othets a Mechanical, ſome a Geo- 
metrical, and ſome an Experimental Proof, 
which have been accordingly applied, ſome- 
times ſingly, ſometimes two or more, and 
ſometimes all together. Thus from Pheno- 
mena we inſtitute a Ratiocination concern- 
ing the Materiality, the Velocity, different 
Magnitudes, Colours, and other Affections 
of the Particles of Light. Then the Laws 
of Reflection and Refraction are explained 
by Mechanical Principles relating to the Mo- 
tion and Action of Bodies one upon another. 
Again, The Principles of Geometry are call'd 
in to explain and account for the Effects of 
Mirrours, Lenſes, Optic Inſtruments, the 
Rainbow, &c. And, Laſtly, thoſe various 
Phenomena are repreſented, and the Man- 
ner how they happen explain'd by Expe- 
riments. A : es 
S1XTHLY, I have all along applied the 
. Newtonian Geometry, that is, the Fluxionary 
Calculus, tor the Demonſtrations, which I 
think is with the greateſt Propriety and 
| | Juſtneſs 


1 
Wl! 


— — - 


of Demonſtration it could be. Of this we 


Juſtneſs in Phyſical Matters, becauſe the 

rinciples of this Geometry are in themſelves 
ſtrictly Philoſophical, as 1 have ſhewn in 
its proper Place. Beſides, the Proceſs is not 
only render'd by this means much more 


congruous and natural, but more evident 
and conciſe than by the common Methods 


have a fignal Inſtance in the Calculation of 
the Angle, which the incident Ray makes 
with the laſt refracted Ray in a Drop of 
Water, as will: appear by comparing what 
is here contain'd in Scholium to Arnot. 
CXXIV. with what you find on this Head 
in other Authors, 

SEVENTHLY, As the Bounds of this 
Science have been of late Years vaſtly ex- 
tended, ſo I have been very — to 
treaſure up every uſeful Invention, and 
given a ſhort hiſtorical Account of the ſame, 
and the Names of the Authors. If in any 
of them 1 tound an Improvement could be 
made, I have done it, as in the Air- Pump, the 
Microſcope, &c. or hinted it to the Reader, 
as in caſe of the Air or Steam- Gun. 
Eier, 1 find by common Expe- 
rience nothing tends more to the Concep- 
tion and enlivening an Idea, and fixing it 
in the Memory, than a good Delineation of 
the Figure or Form thereof, Hence it is 
that Reader will here find a greater 
r-Plate Figures than in 


Number of Coppe 
any other Treatiſe of this Kind, of its ws 
A 
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And if I tell him they were all done by the 
ingenious Mr. Bowen (Geographer to his 
Majeſty) it may likewiſe prepoſſeſs him in 
Favour of their Goodneſs; which 
an indirect and collateral, is yet no inconſi- 
derable Argument to recommend a Book 
of this Kind. 
NiNnTHLY, I have deliver'd the Whole 
by way of LEcTUREs and ANNOTATIONS 
ereto, (a Method of late Years the moſt 
uſed and approved of) not only becauſe 
the Reader is by this Means led through a 
Syſtem of Philoſophy, without being con- 
fin'd to the Irkſomeneſs-of a preciſe and 
regular Path, and a ſimultaneous Proſpect 
or View of the Whole at once; but alſo be- 
cauſe that vaſt Variety of Things, which here 
| preſent themſelves, may have the Pleaſure 
that attends Variety 8 and increaſed 
by emerging freſh» to his View as he paſſes 
along, and regaling him with ſomething 
ſtill novel and unexpected. Annotations 
ſeem to anſwer the End of Scenes in a Play; 
they preſent the Whole moſt agreeably in 
Parts, which thus more immediately affects 
us, and gives us the greateſt Pleaſure and 


Entertainment. I need not here mention 


the Conveniency of this Method alſo to 

thoſe Gentlemen and Ladies who attend 

my CouRsEs oF LECTURES. 
TENnTHLY, With Reſpect to the Size of 


the Print, it is ſmall, yet fair and legible to 


incom- 
patible 


common Eye; a larger Print was 
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patible with aur View, which was to col. 
priſe a Body of Philoſophy in the Compaſs 
of two Pocket Volumes. And the Reader 
will not be diſagreeably ſurprized when he 

is told, that he buys more in two Volumes 
8"* now, then he uſed to have in two large 
Volumes in 4®, and at leſs than half the 
Price. I believe few will blame me for 
this Contrivance, beſides thoſe who buy 
| Books more on account of their Size and Ap- 
pearance, than for what they contain, and 
who have a greater Regard to the Pomp 
and Magnificence of a Library, than to the 
Improvement of a vain and barren Mind 
with ſublime and uſeful Knowledge. But 
for ſuch I write not, nor regard their Cen- 
ſure. . 
Tubs much for the Oeconomy of the 
Work; and as it is manifeſtly calculated 
for a general Good, ſo I believe none will 
find fault with the Deſign. As to the Man- 
ner of executing it, I have done it as well 
as I could; and if any one thinks me defi- 
cient in any thing, let him qualify his Cri- 
ticiſm by confidering that I pretend not to 
Infallibility, but only where I give a plain 
and clear Demonſtration; In this, if 1 am 
not underſtood ſometimes, I am not per- 
haps to be blamed; for I'll appeal to Envy 
itſelf, if the Manner of the Demonftration, 
where moſt difficult, be not as plain and as 
obvious as the Nature of the Thing will ad- 


mit. And here it will be proper to 3 
t 
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that although I have made uſe of Geometry, 
Algebra, and Fluxtons, to inveſtigate the 
Truth of all the principal Propoſitions in 
Philoſophy, yet as I cannot ſuppoſe Read- 
ers in general qualified to underſtand it in 
that Manner, I have been careful to expreſs 
the Reſult of eyery Proceſs in plain Eng- 
liſh; ſo that every one may know what is 
the Truth, though he cannot be ſo proper- 
ly faid to underſtand it. For Inſtances of 
what I now ſpeak of ſee the ſeveral Arti- 
cles of Annotat, XXVII, XXXIV, 

XL VIII. 

I Do not know that I have advanced any 
thing here, which I have not one Way or 
another proved to be true; however, I de- 
fire that nothing but what is demonſtrated 
may be accounted to deſerve the Title of 
NEwTONWIAN PrilosoPHy. Our Great 
Author ſeem'd quite averſe to Hypotheſes ; 
and though he indulged them to others un- 
der proper Reſtrictions, yet did himſelf ne- 
ver make pſe of this fallacious Way of Rea- 
ſoning, though he has been unjuſtly charged 
therewith by ſome, who, by National In- 
tinct, ſcorn to ſubſcribe to any Syſtem but 
of their own making. Hence it is we ſo 
often hear them babbling about Newton's 
Hypotheſis, &c. and making unſufferable 
Compariſons between him and Deſcartes 
and Leibnitz. One would think they who 
knew but little of Philoſophy would yet ſee 
4 "3 a 
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of Philoſophy that is founded on nothing, 
but ration, and 1s every Way com- 
rtant with Phenomena, and one that is 
wholly hypothetical, and, inſtead of account- 
ing for, runs counter to every thing that 
appears! I think it is little Glory, (not to 
ſay Yain-Glory) for a Man to boaſt that his 
Philoſophy is not that of Newton &, till he 
has firſt ſatisfied the World his Abilities and 
Diſcernment into the Nature of Things are 
greater than thoſe of Sir Jaac. This I am 
well aſſured of, that the greater Share of 
Mathematical Knowledge any Man has, the 
more readily he embraces Sir Jaac's Prin- 
ciples ; and I ſcarce ever found any that 
oppugn'd Sir Jaa, but who were either 
groſsly ignorant of what they deſpiſed, or 
were actuated by ſome particular Views. 
In ſhort, nothing but Pride, Prejudice, and 
Ignorance, will ever ſtir up Enemies to the 
' Newtonian Philoſophy. 
Tur who depreciate this Philoſophy 
by the Term Hypothefis, ſeem to me not 
to have read (at leaſt not conſider d) what 
Sir Jaac has wrote, when he tells us, 
That in Experimental . Hy- 
tc potheſes are not to be regarded. What 
9 | call ATTRACTION may be perform'd 
* by IMPULSE, or by ſome OTHER 
4 MEANS unknown to me. I uſe that 
«* Word to ſignify. only in general ANY 
* FoRCE by which Bodies tend towards one 


ges the Preface of Abbot Nor TZ T's La de Phyſique. 
& anotber, 
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tt another, whatſoever be the Cauſe.” * 
After our illuſtrious Author had thus ex- 
preſsly diſclaim'd all Hypotheſes, and fo 
ly explain'd his Sentiments about the 
Power which he calls Attraction, is it not 
very wonderful to hear a Set of People 
charging him with founding his Philoſophy an 
the Hypotheſis of Gravity? Will theſe: very 
ſagacious Gentlemen allow any Power at all 
is concern'd in the Tendency of one Body to 
another ? If they do, is it not becauſe it is 
impoſſible to conſider Bodies acting at a 
Diſtance upon each other without? H ſo, is 
not the Exiſtence of ſuch a Power a Reali- 
in Nature? And can ſuch a Force then 
be call'd an Hypothefis? Surely not. Again, 
their accuſing Sir Jaac for accounting for 
Things by Attraction, is meer cavilling about 
Words, and begging him guilty; he de- 
clares he knows not the Manner in which 
that Force acts, whether by Artraction or 
Impuljion, or otherwiſe; but as ſome Name 
muſt be given it, why may not he call it 
by that of Actraction or Gravity, as well as 
by any other? Not that this great Man did 
even this without a Reaſon; for tis evident 
from a thouſand Experiments and Phæno- 
mena, that this is much more like the Ef- 
fect of one Body's drawing than impelling 
another towards it, | 


AY 2s. 31. See alſo the Defivitions of his Pris: 


i ond: Bur. 
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Bo 1 ſo far is Sir Iſaac from /i that 
Bodies tend to each other by 1167 1oN, 
that he once condeſcended to form an Hy- 
pot bes to ſhew that it might be done by 
ImPuLS1ON, and that of a very ſubtle E- 
laſtic Spirit or ther. But as he was not 
able to prove the Exiſtence of any ſuch 
Thing, he ſeem'd not at all delighted with 
the Thought, nor ever laid any Streſs up- 
on it; and accordingly we have not ad- 
mitted it as a Principle of the Newtonian 
Philofophy. Befides, ſuppoſe this could be 
proved, we ſhould ſtill be at a Loſs to ace 
count for the material Cauſe of this very 
great Elaſtic Power between the Particles 
of this ther; we ſhould indeed advance 
three or four Steps higher on the infinite 
Ladder, but ſhould be equally non- plus d with 
the mechanical Cauſe of Elaſticity then, as 
we are at preſent with that of Gravity. But 
after all, tis evident by Experiments that 
this Power which actuates Bodies, whatever 
it be, is not either Attractive or Repulſroe 
ſolely; but it produces both the different 
Effects in different Circumſtances of Diſtances. 
Thus the Loadſtone at one Diſtance moves 
the Needle towards itſell, at another Di- 
ſtance it cauſes it #0 recede or move the con- 
trary Way, This Power in Iron is attrac- 
tive, if touch'd upon the Stone in one Di- 
rection; but if in a contrary, it becomes 
* The ſame ambiguous Properties 
9 


this Power obtain in Eledricity, and 
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undoubtedly in all other Sorts of Attractions, 
Therefore, before we ſet ourſelves about 
finding out a Power, Spirit, or Æther, that 
ſhall move Bodies either by Attraction or 
Repul/ion, it is in the firſt Place neceſſary 
to find out an Agent that ſhall do both, 
for ſuch a Principle is at preſent. the Defi- 
deratum to our further Advances in the Re- 
ſearch of natural Cauſes. 

IT is ſometimes ſurprizing, to obſerve, 
how very fond People ſeem of this /ub!le 
tber; one accounts for the Cauſe of Gra- 
vity thereby, another for Mu/cular Motion, 
a third for Electricity, a fourth from hence 
derives Animal Spirits, a fifth Elementary 
Fire: And, in ſhort, we want nothing 

but the Proof of ſuch an ther to account 
for almoſt every Thing by it. But is it not 
a prepoſterous Proceeding to account for 
any Thing by a Principle in itſelf unac- 
countable, and utterly unknown? 

HowEveR, we are arriv'd at great Dex- 
terity ſince Sir Jaac's Time; for we can now 
almoſt prove the Exiſtence of this Ætber by 
the Phænomena of Electricity; and then 
we find it very eaſy to prove that Electri- 
city is nothing but this very Æther conden- 
ſed and made to ſhine. But, I believe, when 
we enquire into the Nature and rties 
of this Æther and Electricity, we find 


them ſo. very different and diſſimilar, that 
ve cannot eaſily conceive how they ſhould 

thus mutually prove each other, For ac- 
| | | a 3 cording 


PREFACE. 
cording to Sir Jaac, this Ather is the moſt 
ſubtle of all Bodies, and confiſts of Particles 
(of courſe) very much ſmaller than thoſe 
of Light, and which have a much greater 
Velocity; this Æther therefore pervades 
with the greateſt Freedom all Bodies, actu- 
ates their Parts, &c. But on the other hand, 
we find by Experiments that the Fire of 
Electricity is a very groſs Subſtance ; for it 
daſhes againſt the Surface of Glaſs like ſo 
much Water, and does not enter the Pores, 
as Light does, that is ſo much groſſer chan 
Ather. This is ſtill made more plain and 
demonſtrable by electrifying a Wite in an 
exhaufted Receiver, where the Electrici 
iſſues out in Much greater Abundance, an 
in divers Jets, ſtriking againſt the Sides of 
the Glaſs, and appearing to run down by 
the Sides in all Refpects like Liquid Pho/- 
borus; and is no, ways reflected or refracted 
ike common Lieht, or even like the Light 
of a Candle: For if a Candle be vic d 
through a Priſm, the Light _ from 
every Part thereof is refracted, the 
whole Flame is colour d and ai tetl; 
but it is quite 6therwiſe with the Fame q 
EletFrical 1 for I often made that muc 
oy Ss Flame of à Candle, and 
d it hrough the Prifm, but no Co- 
. were e. 8 no different 
orm of Flame, way the fame 
Fe fen f naked we. indeed the 
art, juſt upon che 1 ip of the Tron 
whence 


. tha 


Jeb 


(uſer 


PREFACE. 


whence the Blaze diverged, appear'd a lit- 
tle tinged with Colours; which I take to 
proceed from ſome common Solar Light in- 
termix'd with that of Electricity. From 
hence (and for many other Reaſons I could 
name) I ſee no Cauſe to believe that the 
Matter of Electricity is any thing like the 
Idea we ought to have of the Spiritus fubtilift 
mus of Sir 1/azc. Nor indeed can it be tie 
ſame with the Matter of common Light, 
which is differently reflexible and refrangi- 
ble; whereas this appears not to be ſo, but 
is 4 particular Sort of Light, and nearly the 
ſame as Phoſphorus, which I could never 
obſerve to exhibit the leaſt A e of 
Colours through the Priſm. ' The Smell al- 
ſo of Rlectrical Fire is ſo very much like 
chat of Phoſphorus, that one may be eaſily 
induced to believe a great Part of the Com- 
poſition of both is the ſame. — 
As to the Doctrine of Ei ruNTs and 
: - Blomentary Hire, we leave that to others, 
and expatiate only on the noble Theory of 
' Iagbt and Fire left us by our incomparable 
Author, who juſtly confiders them as they 
ate in Nature, illuſtrates all their 


and Qualities, and applies them to the Ex- 
"plication of a Nuniber of the moſt 
. intereſting, a t Phenomena of 


Nature. The Newtadide Doctrine of Ei- 
ments is in the Singular Number: One Sort 
of Matter only makes the Subſtance of all 
the boite Variety of Bodies we behold. 
ef, I 2 a 4 - Thus 


Thus our Author ſ 


PREFACE. 
peaks: It ſeems proba- 

«© ble to me, that Gop in the Beginning 
«« form'd Matter in ſolid, maſſy, hard, im- 
«© penetrable, moveable Particles, of ſuch 
«« Sizes and Figures, and with ſuch other 
« Properties, and in ſuch Proportion to 
© Space, as moſt conduced to the End for 
„ which he form'd them.— Now by Vir- 
* tue of certain active Principles or Powers 
* all material Things ſeem to have been 
«© compoſed of the above-mention'd Parti- 


cles, variouſly affociated in the firſt Cre- 


* ation, by the Counſel of an intelligent 
Agent.“ 
To conclude: It was an Obſervation wor- 


thy of ſo great a Genius as Mr. Cotes, that 
the Newtoman Philoſophy was our (munitiſi- 
mum prafidium adver ſus Atbeorum impetus) beſt 
Defence 


againſt the Efforts and Aſſaults of 
Atheiſts. — That herein we more nearly 


view the Majeſty of Nature, and enjoy it 

in the moſt grateful Contemplation; at the 

Tame time we are excited more intenſely to 

- worſhip and revere the CREATOR and 

Lon of all Things, He ought to be re- 

my blind, who cannot immediately be- 
0 


Id, in the beſt and wiſeſt Structures of 


Things, the infinite Goodneſs and Wiſſom 
of the Omni 
-who will not confeſs it. 


potent Architect; and mag, 


- 
1 i 
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LECTURE I. 


of ExPERIMENTAL PHILOSOPHY in general. Of 
the NewTonian METHOD and RuL ES of Phi- 
loſophizing. Of Marrxx in general, and its 
Eſſential Properties. Of the CuRMICAL Exx- 
MENTS or PRINCIPLES of Natural Bodies. Of 
ATTRACTION and REPULSION. The Attra- 
tion of Conxslox. Of the Conzs1on of vo- 
rious Sorts of Bodies. The Phenomena of Car1t- 
Laar Tupzs. Of a Vacuum. . The Ratio- 
nale of various Proceſſes of CuzuisTRY, and 

Other Arts, Of the principal Properties El x- 
CTRICAL Attraction and Repulſion. Of Mag- 
NETISM and its Laws; of the various Proper- 
tits of the Monz r in rylation to the "Needle ; 
115 er and InCLIWATION; | 


4 HE Rufneks of Expetimental Philo- 
ſophy (the Subject of this Courſe of 
 Lectures,) is to enquire into and inve- 
ſtigate the Reaſon and Cauſes of the 
various Appearances (or Phenomena) of Nature ; 
and to make the Truth or Probability thereof 
obvious and evident to the Senſes, by plain, unde- 
niable, and adequate Experiments, repreſenting the 
e eee 
n. i 1 
N 


Of the Properties of Bopiss. 


In our Enquiries into Nature we are to be con- 
ducted by thoſe Rules and Maxims which are 
found to be genuine, and conſonant to a juſt Me- 
thod of Phyſical Reaſoning ; and theſe Rules of 


Philoſophizing are, by the greateſt Maſter in this 


Science, (the incomparable Sir Tac Newton) 
Teckon'd Four; which I ſhall give, from his 


Principia, as follows : 


RULE I. More Cauſes of natural Things are 
not to be admitted, than are both true and ſufficient 
to explain the Phanomena. For Nature does no- 
thing in vain, but is ſimple, and delights not in 
ſuperfluous Cauſes of Things. 


RULE II. And therefore of natural Effects of 


"the ſame Kind the ſame Cauſes are to be aſſign d, 


as far as it can be done. As of Reſpiration in 
Man and Beaſts : Of the Deſcent of Stones in Eu- 


rope and America: Of Light in a culinary Fire 


and in-the Sun: And ae e; 
in the Earth and in the Planets. 
RULE III. The Qualities of natural Bodies 


which cannot be increaſed or diminiſd d, and agrat 
to ak Bodies in which Experiments can be made, are 


| tobereckow'd as the Qualities of all Bodies uubatſo- 


ever, Thus, becauſe Extenſion, Diviſibility, 
Hardneſs, Impenetrability, Mobility, the Vis In- 
ertiæ, and Gravity, are found in all Bodies which 
fall under our Cognizance or Inſpection, we may 
Jultly conclude they belong to all Bodies whatſo- 
ever; and are therefore to be eſteemed the origi- 
nal and univerſal Properties of all natural Bodies. 
RULE IV, 


W 


's 
* 
re 
3 
I. 
4 
h 
y 
5 
1 
N 

V. 


Jaac Newton to his third Book o 


Of the Properties of Bopies. 


RULE IV. Ir Experimental Philoſophy, Pro- 
poſitions collected from the Phenomena by Induction 
are to be deem'd (notwithſtanding contrary Hypothe- 
ſes) either exattly or very nearly true, till other 
Phenomena occur by which they may be render d ei- 
ther more accurate, or liable to Exception, This 
ought to be done, leſt. Arguments of Induction 


ſhould be deſtroy'd by Hypotheſes. 


Ir according to theſe Rules we take a Survey 
of the viſible World, and ſtrictly examine the 


Nature of particular Bodies, we ſhall find Reaſon. 


to conclude, that they all conſiſt of one and the 
ſame Sort of Matter or Subſtance; and that all the 


Diverſity or Difference we obſerve among them 
ariſes only from the various Modifications and dif- 


ferent Connection or Adheſion of the ſame primi- 
genial Particles of Matter (U. 


(I) in 6 ted ok of th el 
e 


rincipia ; and 
particularly explain'd by him in h cs, Where he exhibits 
nnn 3 
ords: 

1. As in Mathematics, 99 
veſtigation of difficult Things by way of Analyfis, 

ways to precede the Method of Compoſition. 7 rai 
confiſts in making Experiments and Obſervations, th 
ing general Concluſions from them by Induction (i. e. Rea- 
ſoning from the Analogy of Things by natural Conſequence,) 
and admitting no Objections againſt the Concluſions but what 


are taken from Experiments, or other certain Truths. And 


altho* the arguing from Experiments and Obſervation by In- 
duction be no Demonſtration of general Concluſions ; yet it 
is the beſt wa r 
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4 Of the Properties of Bopiks. 
MaTTER, thus variouſly modified and confi- 
gurated, conſtitutes an 1 . of 


Pe. r 
occur from Experiments, it may then o — 


- with ſuch Exceptions. By this way of Aua we may pro- 


_ ceed from Com to Ingredients, and from Motions to 
the Cauſes ucing them; and in general from Effects to 
their Cauſes; and Cauſes to more general 
ones, till the ends in the moſt general. This is the 


Method of Analyſis. And that of Synthefis (or Compoſition) 
+ conſiſts in aſſuming Cauſes diſcover'd and eſtabliſh'd as Princi- 
ples, and _ them . — the Phenomena proceeding from 


—— ore ur Sry cranrrge one and the ſame in all Bo- 
ps and that all the Variety we obſerve ariſes from the vari- 
* ous Forms and Shapes which it puts on, is I think very pro- 
bable, and may be concluded from a general Obſervation of 
the Procedure of Nature in the Generation and Deſtruction of 
Bodies. Thus, for Inſtance, Water rarified by Heat, be- 
comes Yapour ; great Collections of Vapours form Cloud; ; 
_ Theſe condenſed deſcend in form of Rain, or Hail; Part of 
this collected on the Earth conſtitutes Rivers; another Part 
mixing with the Earth enters into the Roots of Plants, and 
ſupplies Matter to, and expands itſelf into various Species of 
_egetables. In each Vegetable it appears in one Shape in the 
Root, another in the Sta/k, another in the Flowers, another 
in the Seeds, &c. From hence various Bodies proceed ; from 
the Oak, Houſes, Ships, &c, from Hemp and Flax, we have 
Thread ; from thence our various Kinds o Linen ; from thence 
| Garments theſe degenerate into Rags, which receives from 
the Mill the various Forms of Paper ; hence our Books which 
by Fire are converted partly into Water, partly into Oil, ano- 
ther Part into Air, a fourth Part into Salt, and a fifth into 
Earth ; which are call'd the Elements of Bodies, and which 

mix'd with common Earth, are again reſuſcitated in various 


Forms of Bodies. 
* The KLZNMENTS, or to which all Bodies are 
ultimately reduced, are the five abovemention d, wiz. 
* Warzx, or Phlegm (as — which riſes 
off firſt, —— Analybo of « Platt in 
'Retort by Fire. (2.) Alx, which eſcapes unſeen in Quan- 
tities from all Bodies; and tho' it has not till been 
r 
all 
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all which are found to have the following common 
| Properties, VIZ. | 
| EX TENSION, or that by which it poſſeſſes 
or takes up ſome Part of univerſal Space; which 
Space is call'd the PLacz,of that Body. For all 
Bodies are extended either (1.) into Length only, 
ö and then it is called a Line ; or (2.) into Length 
7 and Breadth, which is call'd a SoprRTICIESͤH:; or 
> (3.) into Length, Breadth, and Depth, which 
) then is call'd a Sol ip. Theſe are the three Di- 
. * menſions, according to the Quantity of which the 
Magnitude or Bulks of Bodies are eſtimated (II). 


p therefore never taken Notice of as an Element of natural Bodies) 


p yet that it is ſo in a very remarkable Degree, (even ſo far as 
c to make half the Subſtance of ſome Bodies) I ſhall give ſuffi- 
cient Proof when I come to treat of artificial or factitious 


Air. (3.) Orr, which appears ſwimming on the Top of the 
Water. (4.) SaLT, which is either Volatile, or riſes in the 
Still, as that of Animal Subſtances ; or Fix'd, as in Vegeta- 
bles, and which is extracted by diſſolving them in Water from 
a Lixivium of the Aſhes, we ob runes by evaporating the 
Moiſture to a Pellicle, and ſetting the Salt to ſhoot into Gy- 
fall. (5) EaRTH, or what is call'd the Caput-Mortuum, 
_ remains of the Aſhes after the Salt is extracted, 
which can be no farther alter'd by any Art whatſoever. 

(II) The Macnirupe of Bodies is the Quantity of their 
Dimenſions expreſs'd in ſome common or faxdard Meaſure, as 
an Inch, a Foot, a Yard, &c. and it is thus eſtimated : | 

1. When Bodies have but one Dimenſion, as Lines, then 
it is expreſs'd by the Number of Inches and Parts of an 
Inch contain'd in their Length : Thus the Dimenſion of the Plate I. 
Line A B is 3 Inches; of CB 2 Inches; and the Compari- Fig. 1. 
ſon of the Length of AB to CB is call'd the Proportion or 
Ratio; thus the Ratio of AB to CB is that of 3 to 2, or 
(as it is uſually expreſs'd) AB:CB:: 3: 2. And be- 
5 conſiſts of only one Ratio, it is ſaid to be 
a 10. 

2. Thoſe Bodies which have two Dimenſions, as Superſi- 
cies, have their Magnitude expreſs'd by the Rectangle under 
both, or the Produ of their Length by their Breadth ; thus 

B 3 SOL. 
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Plate I. 
Fig. 2. 


Plate I. 


Fig. 3. 


Plate I. 
Fig. 4, 5. 


Of the Properties of Bobixs. 
SOLIDITY, ſometimes called the IurE- 
NETRABILITY of Matter, is that Property by 
which a Body excludes all others from the Place 
which itſelf poſſeſſeth; for it would be abſurd 


to ſuppoſe two Bodies could poſſeſs one and the 
ſame Place at the ſame Time. From this Defi- 


if any Surface ABCD has its Length e and its 
Breadth BC 23 then its Dimenſion (which in this Caſe is 
call'd the Area, or Superficial Content) is thus expreſs'd, 
ABxBC= 4xz=8; that is, there are eight ſmall 
Squares, which are ſquare Inches, ſquare Feet, Ec. accord- 
ing to the Meaſure of the Sides. 

3. If this Surface be compared with any other, as EG, 
whoſe Length is EF = 3, and Breadth FG = 2; then 
their Magnitudes will be to each other as AB x BC to EF x 
FG, that is, as 8 to 6, or as 4 to 3. And becauſe in this 
Compariſon each Term conſiſts of two Parts, or there is a 
twofold Ratio of Length to Length, and Breadth to Breadth, 
therefore this is ſaid to be a Duplicate Ratio; and fo all Sur- 
faces are to each other in the Duplicate Ratio of their Sides. 

4. In like Manner all Solid Bodies, Which have tkree Di- 
menſions, have their Magnitudes expreſs d by the Product of 
their th, Breadth, and Depth together. Thus if there be 
one Solid AG whoſe Length AB = 4, its Breadth AE = 2, 
and Depth AD = 3 ; and another Solid HO, whoſe Length 
HI = 3, Breadth HM == 1, and Depth HL = 2; then 
will their Magnitudes be to each other as AB x BE x AD 
to HI x HM x HL, that is 4x2 * 3 =24to03x1x2 
= 6, or as 24 to 6. And therefore Solids are ſaid to be in 
a triplicate Ratio, wiz. of their Length, Breadth, and Depth, 
or Thickneſs ; and the Standard Meaſure in this Caſe is call'd 
a Cubic Inch, Foot, &c. becauſe of its being in the Form of a 
Dye, or —— which Figure is contain'd under 6 equal and 

3 

5. And here it will be neceſſary to advertiſe the Reader, 
that any Quantity is generally denoted by a ſingle Letter, as 
A, B, &c. and the Square of that Quantity by A x A or AA, 
or A*, B*, Cc. and the Cube by A* or B. And when we 
expreſs the Ratio of two Quantities A and B, it is uſually thus, 
A: B; and when we compare this Ratio with any other, as 
of C to D, we expreſs it thus A: B:: C: D. If both Terms 
of the Ratio increaſe or decreaſe together, the Ratio is ſaid to 

| : 2 nition 
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nition it follows, that the /ofteft Bodies are equal- 
ly ſolid with the hardeſt (III). 


be direct, and expreſs'd as before: But if one I 
increaſes while the other decreaſes, and vice werſa, . 
Ratio ; then they are expreſs d in a different Manner, vix. 
A: B:: C: 55, or A: C B: 5. And the Addition of one 
Ratio A: B to another C: D is performed by multiplyin 
the firſt Terms in each Ratio together, and alſo the laſt; a 
the Ratio of thoſe Products AC: BD is the Sum of both the 
other. To ſquare any Ratio is to multiply it by itſelf A: B xx 
A: BZgA“: B*, and fo the Cube of any Ratio, A: B is 
A: B*. If any would know more of the Nature of Ratios, 
they may conſult Dr. Sanderſens Algebra, or my Logarithme- 


(II) FicuraBiLiiTy isas neceſſary to Matteras any of the 
Properties abovemention'd; for ſince Matter is not infinite, it 
mult be circumſcribed within certain Limits and Bounds on 
every Part, which conſtitute the Figure of the Body ; and as 
the Particles of Matter may exiſt together in any Manner of 
Situation, ſo the Figures or Form of Bodies, which 
compoſe, may be infinitely various and different from 


2. On this Property ſeveral Things of Moment depend ; 
thus according to the ſeveral Figures of the Corpuſcles, ry 4 
will touch by a greater or leſſer Quantity of Surface, and 
will cohere more or leſs firmly together; from hence will a- 
riſe various Qualities of Bodies, which are the Foundation of 
moſt of the conſiderable Phænomena of Nature, as will be 
hereafter taken Notice of. 

3. Hence we may obferve likewiſe, that Bodies of diffe. 
rent Figures contain, under the ſame Quantity of Surface, 
different Magnitudes or Bulks ; thus a C:rc/e contains a grea- 
ter Area under the fame Length of Periphery, than any other 
figured Superficies ; and a Sphere, under the ſame Quantity of 
Surfaces, contains a greater Bulk or Space, than any other 
. Oelde! Variety of F F hich 

4. Of all the infinite Vari orms or Figures, whi 
Matter is liable to, there are only fve which will admit 
the Particles of Matter, placed together, to fill the Space be- 
tween them compleatly, or ſo as to leave no Pore, Vacuity, 
or Interſtice between them ; and Bodies of theſe Forms have 
been known by the general Name of the five Platonic Bodies 


and are as follows : | 
B 4 DIVISI- 
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DIVISIBILITY is that Property by which 
the Particles of Matter in all Bodies are capable of 
a Separation or Diſunion from each other. Hence 
the Reſolution or Diſſolution of Bodies into their 
conſtituent Corpuſcles, as in many Operations of 
Chemiſtry. How far this may actually obtain in 
Nature is not eaſy to ſay : But that Matter is infi- 
nitely diviſible in a mathematical Conſideration, 
is demonſtrable various Ways (IV). 


1. Tetrahedron, which has four equal triangular Sides. 

2. Hexahedron, of fix equal ſquare Sides, wiz. a Cube. 

3. O#ahedron, of eight equal pentagonal Sides. 

4. Dodecahedron, of twelve equal triangular Sides. 

5. Troſabedron, of c equal triangular Sides, 

5. Hence the Aﬀerters of a Plenum are neceſſitated to 

that tho* Matter is liable to an Infinity of Forms indif- 
— yet all its Particles muſt have but ſome one of the 
five abovemention'd ; otherwiſe it will be as evident as an 
Axiom, that the Particles of Matter have a different Form, 
and muſt therefore admit Vacuities or Pores in the Compoſi- 
tion of every kind of Bodies. Tho” this Argument for a Va- 
cuum has been little obſerved, nn 
evident, geometrical and concluſive. 

(IV) 1. The eaſieſt Way to demonſtrate the infinite Diviſibi- 
lity of Matter, I think, is the following. Let AB be the 
I thro* each Extreme, A 
and B, let there be drawn the Lines CD, EF parallel to 
each other: In the Line C D, between A and C, let there 
be taken any Point G; and in the Line EF, from B towards 
F, let there be taken any finite Number of Points H, I, XK, L, 
&c. If now from the Point G we draw the Lines GH, Gl. 
GK, GL, Cc. they will each of them cut off a Part of the 
given Particle AB; and yet after all a Part PA will remain; 
and fince this will be the Cafe for any finite Number, tis 
plain the Particle AB contains a Number of Parts greater 
than any finite Number, and therefore infinite. 

2. Another Demonſtration equally obvious is the follow- 
ing, viz. Let AB be the Length of the given Particle ; thro' 
A draw C D, and in the Point E, at right Angles, draw the 


indefinite right Line E F, in which let there be any finite 
MOB, 
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Of the Properties of Boprxs. 
* MOBILITY is that Property which all 
Bodies have, of being moveable or capable of 
changing their Situations or Places. This Pro- 
perty of Matter is evident to all our Senſes; and 
what nobody has confeſſedly deny'd (V). 


' Namber of Points taken, a» G, H, I, K. Er. on theſe, as 


Centers, deſcribe the ſeveral Arches of Circles EL, EM, © 
EN, EO, Oc. to cut the Particle AP, each of theſe will 
take off a Part, and yet there will a Part AP remain; there- 
fore, c. as before. 

3. Tho' we have no Poſſibility of an Inſtance of this infi- 
nite Diviſibility of Matter, yet Nature proceeds towards it to 
inconceivable Lengths in many of her wonderful (tho* com 
mon) Operations. How minutely is Matter divided by Fire, 
as 4 Piece of Tallow, for Inſtance, in a lighted Candle 
What a prodigious Sphere or Space does the leaſt Flame fill 
with Particles of Light, or a Grain of Aſa fetida'with odo- 
rous Particles! How numerous and ſmall the Particles of Va- 
pours ariſing from the Surface of Fluids! Or the Particles of 
Copper, which from a fingle Grain ſhall be diffuſed" thro? 
F 
Water, and tinge it of a different Colour! But 
this Kind are endleſs. 

(V) Des Cartes and his Followers, wh deny a Vacuum, do 
virtually deny Motion; for ſince Motion is the Tranſlation of 
a Body from one Part of Space to another, if there be no void 
Space, ſuch a Tranſlation muſt be made thro* a Space abſo- 
hately fill'd with Matter, or not at all; if the firſt be aſſerted, 
it will follow, that two Bodies may be in one and the ſame 
Place at once, which is abſurd ; therefore there can be no 


Motion at all, upon their Principles. To ſay a Body may 


move in a Plenum, as a Bird moves thro' a Body of Air, or a 
Fiſh thro' Water, is ſaying nothing to the Purpoſe; becauſe 
both Air and Water abound with Vacuities, (as is well known 
from the Nature of each,) whereas a Plenum admits of no va- 
cuous Space, and therefore of no Motion of the Particles, 
nor conſequently of any Body between them. Beſides, neither 
the Bird nor Fiſh would be able to continue in the Air or Wa. 
ter, were they not ſpecifically heavier than thoſe Fluids ; but 
upon the Suppofition of a Plenum, all Specific Gravity is taken 
away (as will be ſhewn,) and ſo the Caſe is not parallel, and 
therefore the On" fallacious. 
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TRE VIS INERTIZ, (as Sir [aac called 
it) or the Inactivity of Matter, is that Property of 
it by which it endeavours to continue in its State 
either of Motion or Reſt, or by which it reſiſts 
the Actions and Impreſſions of all other Bodies 
which tend to generate or deſtroy Motion there- 
in (VI). 

ATTRACTION is a Property that we 
find all Matter endued with in a greater or a 
leſſer Degree: By this Property the Particles of 
Matter attract each other by a Power which 


(VT) This Power or Force of Matter ariſes wholly from its 
Sluggiſhneſs or Inactivity, and not at all from its Gravity, as 
ſome (of no ſmall Name) have miſtakenly conceived of it. 
To make this Matter plain, ſuppoſe a Body A at reſt in the 
Point A, it would not of itſelf move out of that Point, unleſs 
by ſome external Force impreſs'd. Firſt, Suppoſe the Body 
abſolutely light, and it be required to move it from A to B, 
in a certain Time; to this End ſome Force muſt be applied 
acting in the Direction AB, by which, at the End of that 
Time, the Body will be found in B; and this Force once im- 
preſs'd will continue in the Body, and in every ſuch Particle 
of Time will carry it thro' a Space equal to AB. Secondly, 
Suppoſe now Gravity begins to act, and give the Body Mo- 
tion, and that by the Power of Gravity the Body be car- 
ried from A to D in a Line, paſſing thro' the Earth's Centre, 
in the ſame Time as it before moved from A to B; draw BC 
and DC equal and parallel to AD and AB; and it is evident 
all the Effect of Gravity will be only to cauſe the Body 
during that Time, to deſcend through Space equal to 


Abd from the Line AB, and fo in the End of that Time 


inſtead of being at B it will be in C; but ſince the Point C is 
as far from D as B is from A, it follows, that whether Gravi- 
ty acts or not, the ſame 8 is deſcribed in the ſame Time 
in the Direction AB, and fo the ſame Force is required to give 
it the Motion, which therefore has no Relation to or Depen- 
dance on Gravity; but ariſes ſolely from the Nature of inactive 
Matter, and is on that Account ever proportional to the Num- 
ber of Particles or Quantity of Matter in Bodies. 
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Of the Properties of Bop1es, 


cauſes them mutually to accede to, or approach 
each other. This Tendency of one Body to an- 
other is call'd Gr aviTaT10N, or, in the Abſtract, 


the Gravity or WEIOHT of Bodies (VII). 
REPULSION ſeems to be a Property be- 


longing to the ſmall Particles of Matter univer- 


fally; for they do not more evidently attract in 
ſome Circumſtances, than they repel each other in 
others, as will be evident by Experiments, here- 


after to be exhibited (VIIL). 


(VIT) This Power, or Virtue, was originally communicated 
to all Matter by the Omnipotence of the Deity, and is no ways 
neceſſary to its Exiſtence ; therefore I apprehend when Sir 
Jaac ſays, he is ignorant of the Cauſe of ravity, he can on- 
ly mean _ Manner in which it is exerted from 
one Body, which it acts upon another, and not that he 
was ignorant of the Source or Principle of Power whence it 
could be derived. But as the Manner in which it is exerted, 
ſo the Means by which it is propagated from one Body to 
another, is as yet unknown. To account for the Propagation 
of this Virtue, as of Light, &c. 'tis ſuppoſed that there is an 
exceeding fine imperceptible Medium or ethereal Spirit, dif- 
fuſed thro' all the Syſtem, and pervading the Pores * all Bo- 
dies; that this Medium is extremely elaſtic, and that by its 
Tremours and Undulations, which are almoſt inſtantaneous, 
the Emanations of the attracting Virtue, Light, Sc. are 

ted with an immenſe Velocity, much aſter the bs — 
— as Sounds are convey d by the undulatory Motion of 
the Air. By Means of this moſt ſubtle 1 — tis ſuppoſed, 
likewiſe, that electric Bodies exert their Power of attracting 
and repelling light Bodies ter Diſtances; that Light is 
3 releied, refrated. infected, and heats Bodies ; 
that all Senſation is excited, and animal Motion perform'd 


at Will; namely, by the Vibrations of this Spirit mu- 


tually propagated along the ſolid Filaments of the Nerves 
from the outward Organs of Senſe to the Brain, and from the 
Brain to the Muſcles. 

(VII Attraction and Repulfion differ in no other Reſpects than 
this, that the Attracting Virtue in the firſt Caſe carries Bodies 
towards the Attrating Body; and in the latter, it carries them 
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12 Of the Properties of Bopits, 
Tusk are the general Properties of Matter, 

which we muſt regard in our Explications of the 
various Phænomena of Nature, in the Senſe we 

have defined them. Theſe are the ſeveral Data, 


or fundamental Principles on which the Science of 

Philoſophy depends, and which will each of them 

afford an ample Field both in the ſpeculative 

and practical Part. We ſhall (for the ſake of 
Method) begin with the Attraction of Bodies, 
conſider its ſeveral Species, and prove their Exi. 

| ſtence and the Properties of each by Experi- 
ments. | E 


Tur Power of Attraction, or Cauſe of Gravity, 

ve preſume not to define, or ſay what it is, but 
only that it is, or does exiſt ; and the Laws of its 
Action we ſhall endeavour to aſſign by what may 
be diſcover'd by Reaſon and Experiment. To 
this End we muſt conſider, that any Kind of 
Power or Virtue, proceeding or propagated from a 
Body in Right Lines every way as from a Centre, 
muſt decreaſe in its Energy or Strength as the 
Squares of the Diſtances from the Body increaſe ; 
for *tis evident, the Force will be every where 
as the Number of Particles iſſuing from the cen- 
tral Body on a given Space, which Number of 
Particles will decreaſe as the Squares of the 
Diſtances increaſe. Thus the Number of Parti- 


a ac G aud * EE 


uk Wy heed reef feed yy = kw 


from it. In each Caſe, the Particles are moved in the fame 
Manner among themlelres, by the Attrading, Electric, or 
Magnezic Power. 
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Of the Properties of Bobixs. 


cles which at any one Diſtance AB, from a Point 
in the Body at A, falls on a Square Inch BE F G, 
will be four times as great as the Number which 
falls on a Square Inch CH IK at twice that Di- 
ſtance AC; and nine times as great as the 
Number which falls on the ſaid Square Inch 
DLMN at three times that Diſtance AD; and 
ſo on, as is evident from te Diagram. 
H xxx, fince we have no Reaſon to doubt but 
that all Kinds of Attraction conſiſt in fine imper- 
ceptible Particles or inviſible Effluvia, which pro- 
ceed from every Point in the Surface of the attract- 
ing Body, in all right-lined Directions every way, 
which in their Progreſs lighting on other Bodies 
urge and ſollicit them towards the ſuperior attract- 
ing Body; therefore the Force or Intenſity of the 
attracting Power in general muſt always decreaſe as 
the Squares of the Diſtances increaſe. | 
Hence alſo we may obſerve, by the way, that 
Light and Heat, Odours and Perfumes, which 
conſiſt of Particles or Effluvia that proceed eve- 
ry way - from luminous, heated, and odoriferous 
Bodies, as from a Centre, have always their 
Forces abated according to the above Law. The 
Force of Sounds alſo decreaſes in the ſame Pro- 
portion, for Reaſons that will be hereafter af- 
fign'd. | | 
By virtue of attracting Power, the grand Ma- 
chinery of the Solar Syſtem, and doubtleſs of all 
the others in the Univerſe, is effected, eſtabliſh- 


ed, and conſerved. It is therefore of the greateſt 
Canfequence, 'to be acquainted with the different 


Species 


> - 
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The different Species 


Species of this univerſal Power or Agent, and to 
learn by Experiments the peculiar Nature, Laws, 
or Manner of Action in each. Naturaliſts ge- 
nerally reckon Four different Sorts of Attraction, 
VIZ, 

I. Tur Attraction of Conrsion, which is pe- 
culiar to the Corpuſcles or primigenial Particles of 
Matter, of which larger Bodies are compoſed, by 


the Accretion and firm Adheſion of thoſe Parti- 


cles, ariſing from their ſtrong attractive Power. 

II. TxE Attrafion of ELecTRICITY, which 
is peculiar to ſome Kinds of Bodies, as Glaſs, Am- 
ber, Sealing-Wax, &c. which are therefore call'd 
Electrical. 

III. Taz Attraction of MacxntTiSM, or of 
the Loadſtone, which is peculiar to, and mutual 
between the Loadſtone and Iron. | 

IV. Taz Attraction of GRAVITATIOx, which 
is obſervable only in the larger Compoſitions and 
Syſtems of Matter; as in the Earth and Moon, 
and the Sun and Planetary Bodies which compoſe 
the Solar Syſtem. Of each of theſe Species of 
Attraction in Order; and firſt, 

Or the Attraction of Contsion : The Laws 
and Properties of this Attraction are the follow- 
ing. (1.) It is very diſcernible and moſt power- 
ful in Corpuſcles, or the ſmalleſt Particles of Mat- 
ter. (2.) It is mutually . exerted between thoſe 
Particles ; or they mutually attraft, and are at- 


tracted by each other. (3.) The Sphere of At- 


traction, or Extent of this Power, is greater in 


ſome Particles of Matter than in others, but very 


mall 
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ſmall at the utmoſt : For (4.) This Power is in- 
ſenſible in ſolid Bodies in the leaſt ſenſible Di- 


ſtance, acting as it were only on Contact; and 
therefore, (5.) It muſt be nearly proportional to 
the Quantity of contiguous Surfaces ; or the 
Parts of Bodies cohere moſt ſtrongly, whoſe touch- 
ing Surfaces are largeſt. (6.) This Power muft 
decreaſe as the Squares of the Diſtances inereaſe 


becauſe it muſt be ſuppoſed to iſſue from each 


Particle in right-lined Directions. (7.) Where 
the Sphere of Attraction ends, there a Repelling 
Power begins, by which the Particles, inſtead of 
attraZing, repel and fly from each other. (8.) By 
this Power the ſmall Portions or Drops of a Fluid 


conform N to a ſpherical F Sure (IX) 


' (IX) To illuſtrate this Matter of Corpuſcular Attration and 


13 


Repulſion: Let A, B, (in Fig. 9, 10, 11, 12.) repreſent two Plate L 


ſmall Bodies or Corpuſcles Matter ; and their Spheres of 
Attraction, (or Extent of their Attrading Power every way] 
be * 5 and EFG. Then it is evident, 

That the Force with which the Bodies attract each other 
will be greateſt in the Caſe where they touch each other. 


2. If the Bodies are of a Spherical Figure (as Fig. 9.) they Plate I, 


can touch but in a ſingle Point; and therefore the Power 
with which they ſtick or cobere together will be the flighte 
or weakeſt poſſible. 
1 But if the Bodies are bounded by plain Surfaces (as 
r greater, 
umber of Particles, or Area of the Surface by which 


they wack e 
4. If the Corpuſcles A, B, touch not, but are yet within 


the Sphere of each other's Auraction, (as Fig. 10.) — — 


then be eaſily moveable or voluble about each n 
to the leaſt Impreſſion of external Force; and this Will be che 
Caſe of all Particles, whatever be their Figures or Forms. 

5. If the Corpuſcles A, B, are ſeparated toſuch a Diſtance 


us to be without each other's Sphere of Attraction (as in 


THE 
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Tus firſt and ſecond of theſe Properties are 
made manifeſt by various Experiments; as the 
ſudden Union of two contiguous Drops of Mercu- 
ry, Water, &c. The ſtrong Adheſion of two Lea- 
den Balls, which touch by poliſh'd Surfaces (X); 


Fig.11.) then will they fly from, or repel each other, with 
a wer that extends to a conſiderable Diſtance, and is exert- 


equal Diſtances from each other through the whole Space, if 
* Power be on every Side equal. 
. This Power, while artractive, extends to but very ſmall 


— ding, 

Tepel ab/olutely, but only at certain Diſtances ; thus the Load - 
ſtone does not, at repel the Needle, but only 
at a definite Diſtance ; for either Pole will attract either End 
of the Needle at a very near Diſtance, ee as is 
eaſy to experiment. 

60 This Adheſion of Leaden Balls is fo very 


2. In poliſh'd Surfaces that are very hard, as Glab, Bral, 
Oc. it is impoſſible to bring them into ſuch coſe Contact a5 


to cohere without the — — Water, or ſomething 
humid to fill the Foxes by expelling the Ale avnak Lokorns, 
which prevents the Planes coming together dry ; the 
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as alſo of Glaſs Planes, and Cryſtal Buttons : 
The Aſcent of Water between Glaſs Planes, and 
in Capillary Tubes: The riſing of Water by the 


Planes thus put together, which are but 4 4 Inches Diameter: 
and therefore they cohere with a Force much ſuperior to the 
Force or Preſſure of Air on ſuch a Surface, which contains a- 
bout 14 ſquare Inches, and allowing 15 46. for Preſſure to eve- 
ry Inch it will amount to but 210 . which is not near equal 
to the Strength of two Men pulling againſt each other to the 
beſt Advantage. 

4- Profeſſor Mu/chenbroek has made many Experiments to 
ſhew the Force of Cohefion between Planes of various Sub- 
ſtances, and about 2 Inches Diameter, well poliſh'd, having 
firſt heated them in boiling Water, -and then beſmear'd them 
firſt with a cold Tallow-Candle, and afterwards with bgiling 
| Greaſe, and the Weights to ſeparate them were as in the folz 


lowing Table : 
Cold Greaſe. Hot Greaſe, 
Planes of Glaſs — 130 6. 300 4b. 
of Braſs — 150 800 
of Copper — 200 850 
of le — 225 600 
of Silver — 150 | 250 
of Iron — 300 950 


5. Theſe Planes adhere by other Sorts of Matter with 
Forces as in the Table below, where the Weights neceſſary ta 


ſeparate them are ſpecified : 
With Water — 12 Ounces. 
With Oil 18 Ounces. 
With Venice Turpentine — 24 Ounces. - 
With Roſin 850 Pounds. 
With Tallow Candle — 800 Pounds. 
With Pitch - 1400 Pounds. 


Though theſe Experiments would not always give the ſame 
Numbers, yet they ſufficiently ſhew the vaſt attractive Forces, 
and the very great Difference between them. 

6. After this he gives us an Account of his Experiments 


made to find the Force with which Bodies cohere naturally, 


or what is the abſolute Force of Coheſion in various Bodies, 
which he eſtimates by the Weights required to pull them 


aſunder, drawi ing to their Length ; this he tried 
n is Pieces of Wood 


were of a long ſquare Form, of which each Side was db of 
/ © Sides . 


8 


17 


18 
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Sides of a Glaſs Veſſel, and into Tubes of Sand, 
Aſhes, Sugar, Sponge, and all porous Sub- 
ſtances. | 


an Inch, and by Weights ſuſpended db wee dren afunder, 
according to the ſeveral Sorts, as mention'd below: 


Wood of Linden- — 1000 16. 
of Alder 1000 
of Fir 600 
of Oak — 1150 
of Elm —ä 950 
of Beech ———— 1250 
of Aſh — - 1250 


7. The Tryal he made with Metals was of Weights ſuſ⸗ 
to Wires of each Sort, whoſe Diameter was 5 of a 
mland Inch; or becauſe the Rhinland Foot is to ours as 139 


to 135, the Wire was Toys Pare of an Inch Exg/G. The 


Metals ang Weights were as follow : 5 
Of Copper . — 299 
Of yellow — 
Of Gold —— 500 
Of Silver 370 
Of Iron — 450 
Of Tin — — — 


8. Theſe Experiments ſhew the abuts Foree 1 
Bodies. That which he calls the Relative Force is that by which 
any Body reſiſts the Force of any other Body acting upon it in 
a Direction perpendicular to its Length; and this he eſtimated 
in the ſame Pieces of Wood as before, by putting one End in- 


to a ſquare Hole of a Metal Plate, and hanging Weights to- 


wards the other End ſufficient to break each Piece of Wood 
at the Hole. Theſe Weights and Diſtances from the Hole 


were in Jie Waris ar follow, 


7 
Such as would fee much more on this Subject, may conſult 
the Author's admirable Ei dt Phyſique ; and his Treatiſe of 
the Cohefion of Bodies, ns I 
Tar 
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Tas third of theſe Properties is evident by the 
Experiments of Water riſing above the common 
Level, and Mercury's ſinking below it, in Capillary 
Tubes: By the ſticking or adhering of Water to 
common Subſtances, which by Mercury are left 
dry. 

Tus fourth and fifth Properties are evinced 
by the Experiments of the different Heights to 


which Fluids aſcend between Glaſs Planes un- - 


equally inclined, and in Capillary Tubes of dif- 
ferent Bores : Alſo, by the accelerated Motion of 
a Drop of Oil between two inclined Planes: And 
likewiſe by the Hyperbolical Curve form'd by the 
Superficies of a Fluid aſcending between Glaſg 
Planes touching each other on one Side. 

Tux fixth Property is evident. The ſeventh 
ſeems evident between fat and oily Particles of 
Matter, and thoſe of an aqueous Nature: But is 
moſt manifeſt from the Elaſtic Property of the 
Air, whoſe Particles compreſs'd together reſtore 
themſelves by this repellent Power to their firſt 
State: Alſo by the Aſcent of Steam or Vapour 
from humid or fluid Bodies. 

Tur eighth Property of this Attraction is 


manifeſt by Drops of Water falling on Duſt; by 


Drops of Dew gathering on the Tops of Graſs; 
and laſtly, by Quickſilver divided into ſmall Por- 


tions, which always form themſelves into perfect . 


nnd Globules (XII). 


(xIh 1. In order to account for the Phænomena of Glaſs 


Capillary Tubes, &c. it will be neceſſary firſt to premil; 
that thre f bret Arun berween the fabia of 
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Plate I. 
Fig. 13. 


Fig. 156 
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From this Account of the Atirafion of Cobe- 
ſion we learn a rational Solution of ſeveral very 


Glaſs.and Water, than there is between the Particles of Wa- 
ter themſelves : For if it were not ſo, the leaſt Quantity or 


Diop of Water C applied to the under Side of a Glaſs Tube,, 


in a Poſition parallel to the Horizon, as AB, would not ad- 
here to it, but immediately fall down by its Gravity ; but we 
ſee that it does not, till its Bulk and Gravity be ſo far increaſed 
8 the Attraction of the Glaſs, and then it falls 
2. Since we find fuch a ſtrong attractive Power in the Sur- 
Face of Glaſs, twill be eaſy to conceive how ſenſibly ſuch a 
Power muſt act on the Surface of a Fluid (not viſcid) as Wa- 
ter, contain'd within the ſmall Cavity or Bore of a Glaſs 
Tube; as alſo that it will be in Proportion — as the 
Diameter of the Bore is ſmaller ; for that the Efficacy of the 
Power follows the inverſe Proportion of the Diameter is evi- 
dent from hence, that only ſuch Particles as are in Contact 
— the Fluid, and thoſe immediately above the Surface, can 
ect it. 

3. Now thoſe Particles form a Periphery, or rather a very 
narrow Anulus or Ring contiguous to the Surface, the upper 
Part of which attracts and raiſes the Surface, and the lower 
which is in Contact with it, ſupports and holds it up P3 ſo that 
neither the Thickneſs nor Length of the Tube avails any thing, 
only the ſaid Periphery of Particles, which is always propor- 
tional to the Diameter of the Bore. _ 
4. The of the Fluid raiſed will therefore be as 
the Surface of the Bore which it fills ; that is, as the Diame- 
ter, fince the Effe& would not be otherwiſe proportional to 
the Cauſe. 

5, Since the-Quantities follow the Ratio of the Diameters, 
the Heights to which the Fluid will riſe in different Tubes 
Ta nn which is . 


D, 4, . Diameters of the Tubes Bores; 


Q, q, repreſen t the titiee of Matter raifed ; 
Let 
{87 b, n 


Then fince Q Ner- the Contents of two Cylinders of 


the Fluid FL L and IM) it will be Q; : DDH: 
dab, from the Nature of a Cylinder; and from Al Nature 
of this FAttraftion, it is Q? P: 4 {as was juſt-now 
nne H: :: D: 4; aud ſo 
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curious and ſurprizing Phænomena of Nature: 
As why the Parts of Bodies adhere and ſtick ſo 


oy _ d* Dh, that is DH AI; conſequently, D: 4 

6. The Velocity with which it begins to riſe in the Tube 
is exceeding great, but preſently abates, and ſo continues by 
increaſing te Weight of the Fluid that is raiſed ; and it will 
continue to riſe till an Equilibrium be made between the Gra- 
vity and the attracting Force of the Glaſs. 

7. The Preſſure of the Air neither helps nor hinders the 
Riſe of the Fluids, for the Effect is the ſame in Vacus as in 
the Air. But the more viſcid * Fluid, the leſs apt it is to 
riſe in the Tube. 

8. The Power by which the Fluid is raiſed will keep it in 
the Tube for any Time without Exhaling or wp ag 
I have tried by hanging ſeveral Capillary Tubes thus 
with their Fluids for ſeven or eight Months together in the 
Summer Sun, whoſe Heat did not appear todiminiſh the Fluids 
in the leaſt ſenſible Degree. | 

9. By the ſame Power the Water riſes between Glaſs Planes, ſo | 
as to form the celebrated LocariTHMETICALCURVE, when | 
they are ſo placed in Water as to touch on one Side, and be ſepa- 
rate or open d to a ſmall Diſtance on the other. Thus ſuppoſe Plate I. 
ABCD the Surface of Water, in which are placed the two Fig. 14. 
Planes fmo and emo, ſo as to touch all along the Side 2: 8, 4 
and yet open on the other Part, ſo as to contain a ſmall Angle 1 
oe; then biſect o/, od, oc, 06, in the Points d. c, b, az [ 
then will the Diſtances of the Planes in theſe Points be as l 
the Numbers 1, 2, 4, 8, 16, and the Heights to which the 1 
Water will riſe over theſe Points will be inverſely proportional | 
to thoſe Numbers ; that is, whatever be the Heighth at g a- 
bove the Surface AB, it will have twice that Height at , 0 
and four Times that Height at i, and ſo on. So that the Su- 
perficies of the Water between the Planes will form the Curve 
g. b, i, 4, IJ, which is the very ſame as that uſed in the Con- 
ſtruction of Logarithms, whence it has its Name. a 

10. If two long Glaſs Planes are firſt ſmeer d over with Oil 
and then ſet together at their Ends, and inclined to each other 
under a very ſmall Angle, and a Drop of the Oil ſo placed be- 
tween them as to touch both Planes, it will immediately begin 
to move towards the touching Ends, or Angles of the Planes, 
and that Motion will be continued with an accelerated Velocity, 
by reaſon of the increaſing Attraction of the Planes, on ac- 
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firmly together; why ſome are hard, others /oft , 
ſome x d, others fluid; ſome elaſtic, others void 


count of the decreaſing Diſtance between them, and the lar- 
ger Portion of touching Surface on each Side the Drop ; con- 
cerning all which a great deal has been wrote to very little Pur- 


11. If Glaſs be applied to any other Fluid, whoſe Particles 
attract each other more ſtrongly than Glaſs attracts them, all 
the Phænomena of ſuch a Fluid in Capillary Tubes, and be- 
tween Glaſs Planes, will be juſt the Reverſe of thoſe now men- 
tion'd of Water, Now Quick-filver is ſuch a Fluid, and 


_ therefore it will ſtand — a Capillary Tube than 


without; the Surface convex and not concave, as in Water; 
and between the Planes it will move a contrary Way, Cc. 

12. But if a Baſon or Diſh be made of Copper or Braſs, and 
poliſh'd well within Side, and then tinn'd all over, Mercary 
put into ſuch a Veſſel] will every where unite with the Tin, 
and may be properly ſaid to wet it, as Water does Glaſs ; 
and the Mercury, if clean, put into this Mercurial Baſen, will 
be attracted and riſe all around the Sides, and have the ſame 
Phænomena with Water put into a wet Glaſs, Tranſparency 
only excepted. 

13. Here I think proper to mention an Experiment, with 
which I have often entertain'd myſelf and others, and that is, 

ing Mercury into the abovemention'd Diſh or Baſon ſorm d 
mto a true Spkerical Figure, and well planiſh'd, it leaves the 
concave Surtace ſo nicely filver'd, that it makes the moſt de- 
lightful Mirrour, and reflects the Light ſo perfectly, as to pro- 
duce the ſtrongeſt and moſt diſtin Image of an Object that 


can poſſibly be effected by Art. How far the Nature and Ap- 


—— of Mirrours may be improv'd by this Method, muſt 
left to farther and future Experience : And alſo whether it 
be not practicable by this Means to make a very large and 


moſt effectual Burning-Glaſs, at a very eaſy and cheap Rate. 


14. A late French Author (L'Abbe A er) has thought fit 
to call in queſtion the Cauſe we have here aſſign'd for the 


Riſe of Fluids in Capillary Tubes, and has almoſt ſneer d Dr. 


Turin's learned Diſſertations on that Subject; but I ſee no- 
thing that could oblige him to do this, from what he has ſaid 
to explode it ; no Man can be convinced by his % diæit, that 
this is a mere Hypotheſis; the Phznomena ſo plainly indicatę 
the Cauſe to be Attraction, and agree in every Particular ſo 
nicely to the Theory, that tis not to be expected we ſhould 


of 
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of any elaſtic Quality, which all ariſe from the 
different Figure of the Particles, and the greater 


give it up till we ſee better Reaſon for it than this reverend 
Father has given us in his prolix Digreſſion on this Subject. See 
his Legons de Phyſigus Experimentale. Tom. II. Pag. 421, Cc. 

15. But though the Attraction of the Glaſs is the indubita- 
ble Cauſe of the Aſcent of Fluids, yet it muſt be allow'd that 
the Nature and Genius of the Fluid is to be regarded in moſt 
of the Phenomena, which are not proportion'd to the attract- 
ing Power of the Glaſs only, but to the Power conjointly with 
the various Diſpoſition of Fluids to yield thereto ; nor is the 
Denſity of the Fluid of primary Conſide ration, it being evident 
by Experiment, that ſome lighter Fluids will riſe to a leſs 
Height than others which are much heavier : 'Thus Spirit of 
Wine will riſe but 4 4 Tenths of an Inch in a Tube, where 
Oil of Tartar will riſe 9, as in the Table below. Nor does 
it at all depend on the Viſcidity or Tenacity of Parts ; for hard 
white Varniſh (very thick and viſcid) and Spirit of Wine aſ- 
cend nearly to the ſame Height. I am inclined to think 
from the Experiments which I have made, that the Aſcent of 
Fluids depend greatly upon the Spirit they contain, and that 
not on the Quantity of it, but on ſome peculiar Action or 
Diſpoſition thereof, relative to the attracting Power of the 
Glaſs. So from the Table it appears, that Spirituous Liquors 
riſe to a ſmall Height in general ; but Water, which hasnone, 
to the greateſt ; yet Spirit of Hart's-hora and Spirit of Urine 
riſe higher than Ale and Small-Beer, which contain but a 
ſmall Proportion of Spirit. 

16. But to ſet this Matter. in a clear Light, I have very 
carefully made the Experiment on the following Fluids, which 
were each of them often repeated, and with the ſame Succeſs ; 
the Bore of the Tube was about 3% of an Inch in Diameter. 

| Altitude. 

Common Spring Water — 12 Tenths of an Iach. 
Spirit of Urine ——— 11 
Tincture of Galls —— 11 

' Recent Urine —— 10 
Spirit of Salt ——— 9 
Ol. Tar. per Deliguiumn — 9 
Vinegar — 92 
Small Beer — 9 
Strong Spirit of Nitre — 84 
Spirit of Hart's- — 8; 
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or leſſer Degree of Attraction conſequent there- 


upon. Hence the Reaſon why Flies walk on the 


Altitude. 

Cream — 8 Tenths of an Inch. 
Skimm'd Milk — 8 
Aqua ſerr i. 74 
Ale — 71 
Ol. Sulph. per Campanam 6 2 
Oil of Vitriol — — 64 
Sweet Oil — 6 
Oil of Turpentine— 5 
Geneva — 6X 
Rum — 5 
Spirit of Wine — 42 
Tincture of Mars 42 


17. From other Experiments it appears that Heat and Cold 
are not concern'd in the Aſcent of Fluids, the hotteſt Water 
ſtanding at the ſame Height as the Cold. Alſo Salts of any 
kind diſſolved in Water makes but- little Alteration in the 
Heights, for when Water has taken up all it can in the Solu- 
tion, it will riſe to 10 or 105, which ſmall Deficiency is ow- 
ing undoubtedly to the increaſed Gravity of the Fluid. 

18. There is one Phænomenon of Capillary Tubes very ex- 
traordinary, which is this; if a large bored Tube NP be at 
one End P drawn out into a fine Capillary as at O, ſuch a 
Tube fill'd with Water, and then inverted into a Veſlel of 
Water, as ABCD, will retain all the Water ſuſpended 
through its whole Length, if it does not exceed the Height to 
which a Capillary of the ſame Bore, as at O, will attra& it. To 
ſee the Reaſon of this, we muſt conſider the Motion of a ſmall 
oP of Water CD in a tapering Capillary AB in an ho- 
rizontal Poſition. And here we muſt aſſign two Principles of 
Motion in the Fluid CD; one is the attrafing Power of the 
Glaſs at C and D, the other is the Velocity of the moving 
Fluid in theſe Places. For the Momentum ot any Body, whe- 
ther Solid or Fluid, is always proportion'd to the Intenſity of 
the moving Power, and the Velocity of Motion. (As is ſhewn 
Arnatat. XXIII. 1. XXXVIIL 7, 8, 9. LXX. 1, 2.). But 
the moving Power, or Attraction at C is to that at D as the 
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Surface of the Water, and wet not their Feet. 
On this Principle we account for the Manner how 


Diameter of the Bore at C to the Diameter thereof at D; 
Or, putting a, A, for the two Attractions in D and C, and 
4 D, for the Diameters, we have a: A:: 4: D. 

19. Again, the Velocities (V and) of the Water in thoſe 
Points are as the Squares of the Diameters inverſely (as will 
be ſhewn hereafter ;) that is, V: v:: DD: 4d. Therefore 
VXa: vx A:: D: 4 D:: D: 4. That is, the whole 
Motion of the Mater at D is to that at C as the Diameter at 
C to that at D; conſequently the Water will move towards the 
End of the Tube B. | 

20. Becauſe when the Water moves in the Tube, the Ve- 
locity at D is greater than that at C, and therefore the 8 
deſcribed in equal Time by the Extremities of the Fluid un- 
equal, it follows that the Water will move from D towards B 
with an accelerated Velocity, the Difference between the Dia- 
meters 4 and D continually increaſing. This likewiſe ſhews 
the Reaſon of the accelerated Motion of'the Drop of Oil be- 
tween the two inclined Glaſs Planes, as mention'd Art. 10. 

21. The Motion of the Water once begun at D, will con- Plate T. 
tinue till it has with great Rapidity reach'd the End B; and if Fig 17. 
then the End B be rais'd above the horizontal Line AF, yet 
will the Water be detain'd at B, and not deſcend, till the per- 
— Altitude B F is equal to the Height to which the 

ater would riſe in a Capillary of the ſame Bore as at B. 

22. Hence alſo if the Tube be held in an upright or per- Plate I. 
pendicular Poſition, as A B, the Water will not deſcend, un- Fig: 18. 
leſs its Weight be ſuch as when added to the Power acting at 
C towards A, the Sum ſhall be er than the Power acting 
upwards at B; which Power ariſes from the Attraction of the | 
Tubes, the Velocity of the Fluid, and the Cohefion of its [4 
Particles; for unleſs we conſider this Coheſion of the Particles, 
the Weight of the Water, when the Veſſel is large, will be 1 

| 


too great to ſuffer a Suſpenſion of the Fluid by the other Forces 
in the Capillary Part, 

23. Nor is this Coheſion of the Parts a Petitio Principii, | 
but what we know by Experiment to be the Cauſe of ſuch a | | 
Phznomenon when nothing elſe can be ſo; thus we find the | 
Particles in a Drop of Water hang together by Coheſion, till U 
the Gravity of the whole draws it from the Part to which it | 
— Without this Coheſion there could be form'd no Drop 
at BOG : 


24. Hence likewiſe it is, that a Colimn of Mercury well | 
Plants 9 
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Plants imbibe the nutritive Juices or Moiſture 
of the Earth by the Fibres of the Roots: Alſo 
for the Riſe of the Sap in Vegetables, and for 
the whole Oeconomy of Vegetation in general. 
Hence the Rationale of the various Secretions of 
Fluids by the Glands of an Animal Body, and 
their wonderful Circulation through the fine Ca- 
pillary Veſſels. Hence alſo the Reaſon of Sol- 
dering and Gilding of Metals; alſo of Melting 
or Fuſion by Heat. Hence alſo the Exhalation 
of Vapours by the Heat of the Sun or Fire; the 
Aggregation of aqueous Particles in the Air, 
forming the Drops of Rain. We hence ſee the 
Reaſon of Diſtillation, Filtration, Diſſolution, 
Digeſtion, Sublimation, Precipitation, Cryſtalli- 
zation, and all the other Operations of Chemiſtry 
and Pharmacy, which are no otherways to be 
accounted for. Laſtly, we find Sir Iſaac Ner- 
ton (at the End of his Optics) gives a beau- 
tiful and clear Solution to thoſe wondrous Phæ- 
nomena of ſubterranean Accenſions and Explo- 


purged of Air, will be ſuſpended by Coheſion to the Height 
of 70 or 75 Inches, when the Air alone will ſuſtain it to no 
2 Altitude than that of 31 Inches at moſt. Dr. Juris 
uppoſes the Preſſure of an elaſtic ſubtilo Medium . (which can 


- penetrate the Pores of Glaſs and Water) to have ſome Part in 


ö this very Odd Phænomeuon. But if all we can 
from Experience be thought inſufficient, I ſhall leave 
the Reader to amuſe himſeif with what Conjecture he ſhall 
think fit; aſſuring him in the laſt Place, that this wonderful 
Suſpenſion of the Fluid in ever ſo large a Glaſs, as A C, whoſe 
Top terminates in the Capillary B, is not owing to the Preſ- 
ſure of the Air, becauſe the ſame thing will happen in an ex- 
hauited Receiver, as I always ſhew among the Experiments 
of the Air-Pump. See Fig. 19. Plate I. 
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ſions; of Volcano's and Earthquakes; of Hot 
Springs, Damps, and ſuffocating Exhalations in 
Mines, &c. on the Principles of this Sort of At- 
traction and Repulſion (XIII). 


(XII) 1. The Rationale of the ſeveral important Particulars 
here mention'd will eaſily appear from the preceding Princi- 
ples or Properties of Matter. Thus Hazpness of Bodies 
ariſe from ſuch Figures of the Particles of Matter as permit 
them to touch by large Surfaces, and thus to have a great 
Power of Attraction; and at the ſame Time, fo to fit and fall 
in with each other, that they prevent any Motion enſuing a- 
mong themſelves by any external Preſſure ; whereas in ano- 
ther Sort of Figure, the Particles may be admitted to touch by 
pretty large Surfaces, yet ſuch as not confining each other, 
will permit the Motion impreſs d on the external Parts to pro- 
cced among the interior Particles, which will thus eaſily move 
among themſelves, and make what we call Softneſs in Bodies. 

2. , ©9295 is much the ſame as Hardneſs, and owing to 
the fame Cauſe, and is oppoſed to FLutpiry, which may in 
ſome Senſe be eſteem'd the greateſt Degree of Soſtneſs, be- 
cuſe a fluid Body yields to the leaſt Preſſure, and therefore the 
utractive Power, by which the Particles of a Fluid cohere, 
muſt be the leaſt poſſible ; but this reſults from ſuch a Figure 
v admits of the feweſt Points of Contact poſſible, that is, a 
Wherical Figure. And hence tis evident that Bodies are more 
or leſs fluid as their Parts approach more or leſs to a globular 
Figure. All which follows from Arznotar. III. 2. 

3. ELAST1CITY in Solids ariſes from the ſame Pr. ciple of 
corpuſcular Attraction; thus if a Steel Spring, or Wire, or 
Piece of very thin Glaſs, be bent out of its natural Poſition, 
the Particles on the convex Part are forced from that intimate 
Contact they before had; and on the concave Part they are 
forced nearer together, or harder upon each other, than in 
the natural State; in both Caſes there will be a conſiderable 
Reſiſtance to be overcome, and require a ſuperior Force. Dur- 
ng this State of the Particles they may be ſaid to be under a 
dort of Tenfion on one Side, and Compreſſion on the other; 
ind fince by this Force they are not drawn out of each other's 
Attraction, as ſoon as the Force is remitted or ceaſes to act, 
the attractive Power reduces the Particles, and unbends- the 
Wie by reſtoring it to its natural State and Site. Now tis 
vell known that many Subſtances are compoſed of ſuch fibrous 
Parts or Filaments, which reſemble fine Wire, and are in- 
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terwoven and diſpoſed in ſuch a Manner (as in Sponge for in- 
ſtance) that they cannot be compreſs'd without being bent or 
wreſted from their natural Poſition, whence all ſuch Bodies 
will in ſuch a Caſe exert a Force or Spring, and thus prove 
elaſtic. This Theory may be applied to Bodies of a cloſer 
Texture, as Cork, Wood, Ivory, Glaſs, &. And ſuch Mat. 
ter as wants this 'Texture and Diſpoſition of Parts, will not ex- 
ert ſuch a Spring or Force, but take the Figure ariſing from 
the impreſs d Force, and thus prove what we call Non-Elaftic 
Beates. 

4. SOLDERING is another notable Effect of this coheſive 
Power ; for when the Surfaces of two Pieces of Metal are 
made clean, or freed from all intervening Matter beſides the 
Solder, the Solder being then flux'd, its Particles will freely 
enter the Pores, or come into Contact with thoſe of the po- 
lſh'd Surfaces of Metal, and by that Means adhere firmly 
to each, and therefore when the melted Solder becomes cold 
and fix'd, it holds the Surfaces exceeding faſt together, in the 
Nature of a Gluk or CemenT, which are all of the fame 
kind, but differ in the Degree of the coheſive or attracting 
Power of the Parts. | ; 

5. MeLTixG or Fuso of fixed Bodies depends upon the 
ſame Theory; for when the Particles of a fixed Body are ſepa- 
rated by the Action of Heat ſo far as not to touch, or but very 
ſlightly, yet not ſo far as to be out of each other's Attraction, 
they then will eaſily move by each other, and put on all the 
Appearances of a fluid Body, (as plainly follows, from 4r- 
notat. X. 4.) | 

6. EvayroRaT1ON proceeds likewiſe from hence, that 
when the Particles are ſo far ſeparated by Heat as to be with- 
out each other's Attraction, they then begin to repel each o. 
ther, and thus will ſeem to riſe from the Surface of the Fluid 
in Form of a Vapour, or Body of Particles, which are 2 
equal Diſtances from each other; and becoming thus ſpeciß. 
cally lighter than the ſame Bulk of airy Particles, they vil 
riſe in the fluid Body of Air till they come to that Part of i 
which has the ſame Gravity, and they will there make whit 
we call CLoups, which will move this Way or that, accord- 
ing to the Current of Air in thoſe Regions, See Annor. X. 6, b. 

7. The Varovrs thus raiſed become the Original Matter 
of all MET EON, one Degree of Cold condenſing them into 
larger Globules, which fall in Drops of Rain ; a greater De- 
gree producing a Fixedneſs or Coagulation of the Particles, 
which ſhoot like Salts into various curious Forms, and make 
the Flcaks of Snow ; a third and ſtill greater Degree of Cod 
congeals the Vapours into a harder Subſtance, greatly — 
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gated in Form and Conſiſtence, and thus produces Hart. 
If the Cold condenſes the Vapour ſo that it can't riſe high 
above the Surface of the Earth, it will there hover about, and 
fll the lower Air with an obſcuring Fog or Misr: Or, if 
the Cold be more intenſe, it freezes the Miſt to every Twig 
and Blade of Graſs in form of a white Incruſtation, which we 
call a Rims. If the Air be warm, ſo that the Vapour there- 
in be too fine to be viſible in the Day-time, it will yet be con- 
denſed by the Coolneſs of the Evening ſo far as to defcend, and 
ſettle upon the Tops of Graſs in Form of Dew : But, 
laſtly, if the Evenings of ſuch a fine Day be cold enough to 
freeze, then inſtead of a Dew there will appear a WaiTz 
FrosT all over the Surface of the Ground. 

8. The CariLLARY SYPHON is a moſt curious Phen- 
mewn, arifing from the ſame Principle; for the Water being 
raiſed to the Flexure or bended Part, by the attracting Force 
of the ſhorter Leg immerſed into it, the ſame Force conti- 
nuing to act carries it even into the longer Leg, and there 
conſpiring with the Force of Gravity, the Water precipitately 
deſcends and drives the Air before it, and thus would keep 
running or dropping out till all the Water were exhauſted to 
the Orifice of the immerſed Leg, if the Operation were to 
be continued long enough. 

9. The FILTER is to be confider'd as nothing more than 
a Compound Capillary Syphon; for the Threads or Filaments 
of which it conſiſts, lying very near together, make long and 
ſender Vacuities or Interſtices which repreſent ſo many Ca- 
pilary Syphons, which attract, raiſe, and decant of the Fluid 
in a conſiderable Quantity, proportional to their Number 
the Largeneſs of the Filter. YL 

10. Aﬀter the ſame Manner it is, undoubtedly, that the Hu- 
midity of the Earth is drawn into the Subſtance of the Roots 
of Plants and Vegetables, which we know conſiſt of long and 
rery minute Fibres ſo diſpoſed as to form an infinite Num- 
ber of tubular Interſtices, which a& in the Nature of a Fil- 
ter, and imbibe the Juices and Moiſture deſtin'd: for the Nu- 
timent and Growth of the Plant. 

11, Thus alſo it is reaſonable to ſuppoſe the fine Expan- 
ſon or Ramification of the Lacteal, the Lymphatic, and San- 
quiferous Veſſels thro? all the Subſtance of the Glands and Yi/- 
cra in the fineſt Capillary Tubes, does greatly aſſiſt, if not 
wholly promote, the Circulation of the Blood and Juices, in 
order to the various Secretions of each reſpective Gland; an 
Effect too for the Pulſive Force of the Heart, or 
Veſſels, when thus ſo infinitely and minutely divided, were 
it not to be rejoin'd by the ſtrong Attraction of thoſe Capil- 
wy Parz. 12. By 


29 


30 


Of the Attraction of Conrs10Nn. 


12. By this Means it is that Tallow and Oil riſe into the 
Wicks of Candles and Lamps: That Sponge fo readily ſucks 
and retains ſo great a Quantity of a Fluid: That Tube, 
of Aſhes or Sand will thus raiſe Water to the Height of ſeve. 
ral Feet. *Tis by this Virtue that the Pen retains Ink, and 
the Paper draws it forth in Writing; or refuſes to admit it, 
if oil'd, by the Repellency of the Particles of Oil. 
+ 13. By this Power fix'd Bodies are diſſolved by proper 
Mediums; as Sugar and all r _ by Water; Silver, 
er, Tin, &c. by Aqua-Fortis ; y Regia; and 
2 Bodies in 8 The as is, that 
when the Particles of the Solid and Fluid attract one another 
more ſtrongly, than either thoſe of the Solid or thoſe of the 
Fluid each other ſeparately, then a Separation of the 
Parts or D:/oluti-e muſt enſue. For fince, for Inſtance, if 
Particle of the Fluid be attracted with a Force than 
a conti Particle of the Solid, that Fluid Particle wil 
ruſh-upon the other with ſo great an Impetus, as inſtantly to 
diſplace it, and ſeparate it from the Solid Particle to which it 
before adhered with a weaker Force; and thus we are tocon- 
ceive of every other Particle, till the Whole be diffolved, 
which will then end when each Fluid Particle has fill'd its 
Sphere of Attraction with thoſe of the Solid; and the Fluid 
is then ſaid to be /aturated, and will diſſolve no more. 
14. PxEciPITATION likewiſe is a Conſequence from the 
ſame Principle; for if to the Solution of any Solid ſome o- 
ther Solid or Fluid Body be added, whoſe Particles are attracteſ 
by the Fluid with a greater Force than thoſe of the diſſolvel 


Solid, then will the former take Place of the latter, which, 


being diſengaged, will fall to the Bottom and ſettle in Form 
of a very Powder; thus is Silver precipitated by Cop- 
per, which the Aqua-Fortis attracts more powerfully than 
Silver. Thus a Solution of Copper is again precipitated 
by Iron, and other Solutions have their reſpective Precip 
tants. 

15. FxxMEXTATION is alſo an Effect of the ſame Cauſe, 
inaſmuch as it conſiſts in the internal Agitation and Commo- 
tion of the Parts of the f y, ils rm On 
mutual Action and Attraction ſo often mention d. By thi 
means Bodies are either wholly diſſolv'd, as has been faid; 


or have their Parts fo far alter'd and com with other 
Matter, that they ſeem to their Natures, and acquire 
quite new Properties and Principles. Thus Malt by Fermen- 


tation yields a Spirit by Diſtillation, tho nothing like it be- 

fore ; not to mention PutrefaQipp, and the many notable Plz 

nomena thence arifing. bh id 4 D 
16. 
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16. The Hear, EBvuLlitition, and ExyLos:on of ſun- 
dry Mixtures are owing to the violent Action and yy Rapi- 
dity of Motion among the conſtituent Particles ; all Heat 
and Accenſion proceeds from an Attrition or Rubbing of the 
Particles of Matter one among another. Thus Aqua-Fortir 
and the Particles of Copper act ſo violently on each other as 
to cauſe a great Efferveſcence and Heat; and Steel-Filings 
produce a Blaſt or Exploſion inſtantly. Again Oil of Caraway- 
Seed, pour d on compound Spirit of Nitre, kindles to Flame 


with ſuch prodigious Force, that i» Yacuo it has blown up 


ud burſt an exhauſted Receiver fix Inches wide and eight 

17. In accounting for THuxnDEr and LicyTNnNING we 
have recourſe to the ſame Principles, that is, a Fermentation 
between the ſulphureous Steams exhaled from the Earth, and 
the Nitrous Acids or Salt in the Air, which take Fire, and 
cauſe Exploſions in the fame Manner as in the Experiments 
jut mention d. And in ſome ſuch Manner all other fiery Me- 
trors are uced. = 

18. that Burning Mountains, Mineral Coruſcations and 
Suffocating Damps, Earthquakes, Hot Springs, &c. are pro- 
diced by the inteſtine Commotion arifing the Mixture 
of divers Nitro- acid and Sulphureous Matters in the Bowels 
of the Earth, is evident from a common and eaſy i 
ment, which is by taking equal Parts of Sulphur and Steel- 
Filings, and working them together, with a little Water, to 
the Confiſtence of a Paſte ; then putting it under Ground, it 
vill preſently begin to heat, and in a few Hours take Flame 
and blow up the Earth about it with a conſiderable Shock, 
ſo as to repreſent an Earthquake, and a Sort of Volcano in 


| 
N 


20. The Spherical Figure, which the Drops of a Fluid af- 
ſoct being left to , is another Conſequence of Cor- 
paſcular Attraction; for conſidering one ſingle Particle of the 

id, its attractive Force being every Way equally exerted 
to an equal Diſtance, if muſt follow that other Fluid Particles 

it, and will therefore take their 
Flaces at an equal Diſtance from it, and conſequently form a 
ſpherical 
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ſpherical or perfectly round Superſicies; in like Manner as th 
Earth and Sea affect a ſpherical Fi from the central At- 
traction being every way equally directed. E 
21. The ſurpriſing Phænomena of Glaſs Drops (ſometime: 7 
call'd Prince Rupert's Drops) are moſt probably ſuppoſed to 

ariſe from hence, wiz. That while the Glaſs is in Fuſion or al 
melted State, the Particles are in a State of Repulſion; but W 
being dropp'd into cold Water, it ſo condenſes the Particles in 

the external Parts or Superficies, that they are thereby re. B 
duced within each other's Attraction, and by that means form at 
a Sort of hard Caſe which keeps confin'd the aforeſaid Par. F 
ticles in a repulſive State; but when this Caſe is broke by | 
breaking off the Tail of the Drop, the ſaid confined Particles V 
have then Liberty to exert their Force, which they do by by 
burſting the Body of the Drop, and reducing it to a very pe- 
culiar Form of Powder. This Theory ſeems to be corro- 0 
borated by making the Drop red hot, and letting it cool gently 
in the open Air, for then it has no ſuch Effect. Vet ano- 
ther Experiment ſeems to impugn this Hypotheſis ; and that 
is, by grinding away any Part of the Drop on a Grind-ſtone, 
the remaining Part continues entire; and yet there appean 
no manifeſt Reaſon why it ſhould not break or burſt into 
Duft, if the internal Particles be the Cauſe - of it, fince by 
this Means they muſt needs be ſet at Liberty in the mot 
ample Manner poflible : Unleſs it be, that in Grinding, the 
' Vacuities between the internal Particles are fill'd up with the 
Matter of the Stone forced in by the hard Attrition, and by 
this means, fixing the Particles of the Glaſs next the Stone, 
and thus deſtroying their repulſive Force, conſtituting, as it 
were, another Sort of hard external Caſe which confines the 
Particles no leſs than the other. And this ſeems to be con- 
firm'd by that Part which touch'd the Stone remaining en- 
tire, when all the reſt of the N 6 Delile 
breaking off the Tail or ſmall Part, as any one will find to 
be the Caſe on Trial. 

SCHOLIUM. 


By this wonderful and moſt extenſive Power of Corpuſcu- 
lar Attrafion and Repulfion, we account for moſt or all the 
Phznomena of Nature, arifing from the heterogeneous Mix- 
ture and various Aſſociations of Particles of different Bodies; 
but why, in ſome Caſes, thoſe Particles ſhould readily attract, 
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Of the Attraction of Eusectricity. 
Tre Second Species of Attraction is that of 


ELECTRICAL Bop1xs, as Glaſs, Amber, Sealing- 


Wax, Jet, &c. the principal Properties of which 
are as follow. (1.) Thoſe Bodies attract others 
which are very light, as Feathers, Hairs, Leaf- 
Braſs, &c. (2.) The Sphere or Extent of this 
attracting Power is at the Diſtance of ſeveral 
Feet; but, (3.) It varies with the State of the 
Weather, being greateſt in hot and dry Weather, 


but weaker in warm and moiſt. (4.) It may be 


communicated to a great Diſtance, viz. ſeven or 
eight hundred Yards, by the Intervention of a 
proper Body, as Hempen Strings, &c. (5.) This 
Virtue is excited by Attrition, or hard Rubbing 
by the Hand or with a Piece of Cloth, but will 
not be produced by the Warmth of Fire. (6.) It 


penetrates or pervades the Pores of Glaſs; and, 


(7.) It may be communicated to other Bodies, ſo 
as to render them electrical. (8.) If the Sphere 
of Attraction be interrupted on any Part, it de- 


ſtroys the Efficacy of the Whole. (9.) By this 


Virtue Bodies are not only attacted, but alſo re- 
pelled alternately to a very ſenſible Diftance, and 
with a ſurpriſing Velocity. (10.) The Body 
once repell'd from the Tube will not be again 


ious as it is ingenious; but fince the Newtonian Phi- 
in fundamental Principles eſpecially, is founded en- 
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attracted by it, till it has firſt touch'd ſome other 
Body. (11.) Bodies attracted, and ſticking to 
the Tube, will be then attracted by other Bodies 
not electrical; as the Finger, Sc. (12.) This 
Virtue will exert itſelf in Vacuo, as well as in o- 
pen Air. (13.) It appears lucid, and ſparkles 
like Fire, in a dark Room. (14.) I is alſo ſen- 
ſible to the Ear by a crackling Noiſe, like a green 
Leaf in the Fire (XIV). 


(XIV). 1 To the Properties of Electrical Bodies, here 
enumerated, we ſhall add the following.—This Quality is of 
two Sorts, wiz. (1.) Yitreous Electricity, or that which belongs 
to Glaſs; and (2.) Refinous Electricigy, or that which belongs 
to Amber, Rofin, Wax, Gums, and ſuch like Subſtances. They 
are different Kinds, becauſe their Effects are contrary ; for 
the light Bodies repell d by one will be attracted by the o- 
ther, tho" excited, which cannot happen when both Bodies 
have the ſame attractive Power. | 

2. All Vegetable Subſtances differ from Animal ones in this 
reſpect alſo; for an Hempen or Flaxen Thread or String will 
receive the EleQricity of Glaſs, and carry it inſtantaneouſly 
to an incredible Diſtance, to ſome non- electric Body, but will 
not impart it to a Silk or Hair Line by which it is ſuſpended. 
This is the Reaſon why ſeveral Men ſtanding on Cakes of 
Rofin or Wax (which will not receive the Vitresus Elefricity) 
convey that Virtue from one to the other in a moſt ſurpriz- 
ing Manner. Thus alſo it is that a Feather ſuſpended by a 
Flaxen Thread will be alternately, attracted and repell'd, but 
if hung by a Silken String will not be again attracted af. 
ter it is once repell'd ; Ds der ſa, with reſpect to Am- 
ber or Sealing-Wax. : 

3. Hitherto we have not diſcover'd the Uſes of this 
wondrous Quality; but Mr. Gray, juſt before he died, hit 
upon an Experiment of this Kind, which ſeem'd to indicate 
that the Attractive Power, which regulates the Motions of the 
Heavenly Bodies, is of the Electric Kind. The Experiment 
was thus; he fix'd a large round Iron Ball upon the Middle 


of a large Cake of Rofin and Wax, and exciting the Virtue 


ſtrongly in the Cake, a fine Feather ſuſpended by a Thread, 
and held near the Iron Ball, was carried round it by the Ef- 
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Of the Attraction of MacneTiISM. 


Tun Third Species of Attraion is that of the 
MacneT, or LoapsTont; the primary Pro- 
perties whereof are the following. (1.) Every 
Loadſtone has two Points call'd Poles, which 
emit the Magnetic Virtue. (2.) One of thoſe 
Poles attracts, the other repels Iron, but no other 
Body. (g.) This Virtue is communicated to Iron 
very copiouſly by the Touch, which renders it 
ſtrongly Magnetic. (4.) A Piece of Iron fo 
touch'd by the Loadſtone, and nicely ſuſpended 
on a ſharp Point, will be determined to ſettle it- 
ſelf in a Direction nearly North and South. (g.) 
The End of the Needle touch'd by the South 
Pole of the Stone will point Northwards; and 
the contrary. (6.) Needles touch'd by the Stone 
will dip below the Horizon, or be directed on 
the touch'd Part to a Point within the Earth's 
Surface, This is call'd the Dipping Needle. (7.) 
This Virtue is alſo to be communicated to Iron, 
by a ſtrong Attrition all one way; whence Files, 
Drills, Sc. are always found to be Magnetical. 
(8.) Iron Rods or Bars acquire a Magnetic Vir- 
tue by ſtanding long in one Poſition. (9.) Fire 
totally deſtroys this Virtue by making the Stone 


or Iron red hot. (10.) This Power is exerted | 


ſenſibly to the Diſtance of ſeveral Feet. (11.) It 
is ſenſibly continued through the Subſtance of 


ſeveral contiguous Bodies or Pieces of Iron, as 


fluvia in a circular Manner, and rm'd ſeveral Revolutions ; 
it moved the ſame Way with Planets, from Welt to Eaſt, 
and its Motion (like theirs) was not quite circular but a little 
elliptical. See the whole Account in Phileſ. Tran/. No. 444+ 
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Keys, &c. (12.) It pervades the Pores of the 
hardeſt Bodies; and (13.) Equally attracts the 
Iron in Vacuo, as in open Air (XV.) a 


(x.) i. To the above Properties of the Loadſtone I ſhall add 
the following, viz. That the ſame Pole of the Stone will commu- 
wicate to a Piece of Tron the Powtr of attrafting or repelling the 
fame End of a touch'd Needle, by drawing it different 6 
thereon. Or thus, If a Piece of Iron be drawn to the Right 
Hand and attraQs, it will repel if drawn to the Left, which 
is not a little wonderful. | 
2. I have oftentimes, by a ſmart Stroke of a Hammer on 4 
the untouch'd End of the Dipping Needle, cauſed the Mag- y 
netic Virtue to come all to that End from the other, ſo as 
to make it dip on that Side as much as it did on the other . 
Side before: And on the contrary, I have by ſuch a Stroke K 
ſometimes made it dip much more cn the touch'd End than 
before. Again, ſometimes by ſtriking it, the Needle, which 
dipp'd before, will be reſtor'd to its Equilibrium, as if the 
| Virwe had made its Eſcape, or were uniformly diffus'd over 
all the Needle. So capricious are the Phanomena of this 
amazing Power. | 
3. There is a very curious Method of rendering viſible the 
Directions which the etic Effluvia take in going out of 
the Stone: Thus, let AB, CD, be the Poles of the Stone; 
about every _ —— ſtrew ſome Steel-Filings on a Sheet of 
white Paper; theſe ſmall Particles will be affected by the Ef- 
fluvia of the Stone, and ſo poſited as to ſhew the Courſe and 
Direction of the Magnetic Particles on every Part. Thus 
in the Middle of each Pole between AB, and DC, it ap- 
to go nearly ſtrait on; towards the Sides it in 
ines more and more curved, till at laſt the Curve-Lines 
from both Poles exactly meeting and coinciding, form num · 
berleſs Curves on each Side, nearly of a circular Figure, as 
1 in the Diagram. This ſeems to ſhew that the 
agnetic Virtue emitted from one Pole circulatcs to and en- 
ters the other. 
4. The Cauſe of the Variation of the Needle has re- 
main'd hitherto without any demonſtrative Diſcovery ; yet 
fince its Declination, and Inclination, (or Dipping) do both 
of them manifeſtly indicate the Cauſe to be ſomewhere in the 
Earth, it has given Occafion to Philoſophers to frame Hy- 
potheſes for a Solution, which make the Earth a large and 
general Magnet or Loaditone, of which all the leſſer ones 
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Of tbe Attraction of MAGNETISM. | 


THaest, and many others are the Properties of 
a Body, not more wonderful than uſeful to Man- 


kind. 


are but ſo many Parts or Fragments, and, being poſſeſs d of 


the ſame Virtue, will, when leſt to move freely, have the 
ſame Diſpoſition, and Similarity of Poſition, and other Cir- 

5. The moſt conſiderable of theſe Hypotheſes is that of 
the late ſagacious Dr. Halley, which is this; The Ghbe of 
the Earth is one great Magnet, having four Magnetical Poles 
or Points of Attraction, near each Pole of the Equator two z 
and that in thoſe Parts of the World which lie near adjacent to 
any one of thoſe Ma gnetical Poles, the Needle is chiefly govern'd 
thereby, the neareſ Pole being akways predominant over the more 
remote one. Of the North Pales, that which is neareſt to 
us, he ſuppoſes to be in the Meridian of the Land's End, 
and about ſeven Degrees from the North Pole of the World, 


which - governs the Variations in Exrope, Tartary, and the 


North Sea; the other he places in a Meridian paſſing thro' 


California about fifteen Degrees from the North Pole of the 


World, which governs the Needle in North America, and 
the Oceans on either Side. In like Manner he accounts for 


the Variations in the Southern Hemiſphere. See Philef. Tran. 


Ne. 148. p 

6. The Variation of the Needle from the North and South 
Points of the Horizon not being the fame, but variable in 
different Years and in a diverſe Manner in different Parts of 
the Earth, made the Doctor farther conjecture, that two of 
the Magnetic Poles were fix'd, and two moveable; and in 
order to make this out, he ſuppoſes the external Part*of the 
Earth to be a Shell or Cortex, containing within it a Mag- 
netic moveable Nucleus, of a globular Form, whoſe Centre 
of Gravity is the ſame with that of the Earth, and moveable; 
about the ſame Axis. 

7. Now if the Motions of both the Shell and the Nucleus 
were the ſame, the Poles of each would always have the 
ſame Poſition to each other; but he ſuppoſes the Motion of 
the Nucleus to be a very ſmall Matter leſs than that of the 
Shell, which yet is ſcarce ſenſible in 365 Revolutions ; and 
if ſo, the Magnetic Poles of the Nucleus will by flow Degrees 
change their Diſtance from the —— Poles of the Shell, 
and thus cauſe à Variation in that Needle's Variation, which 
is govern'd by the moveable Pole of the Nucleus; while that 
Variation which reſpects the fix'd Poles of the Magnetic Shell 
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remains more conſtant; as in Hud/en's Bay the Change is not 
obſerved to be near ſo faſt as in theſe Parts of Europe. 

8. What ſeems a little ſtrange is, that the Doctor has no 
where, that I know of, undertook to account for the Dip- 
ping of the Needle by this Hypotheſis; tho' the Invention of 
this (by Mr. Blagrave) was before that of the Change of the 
Needle's Variation (by Mr Gellibrand) ; nor do I ſee at pre- 
ſent which way this Phænomenon is explicable by it. But 
we have not - yet ſo many accurate Obſervations of the 
Needle's Inclination as we have of its Variation, which is its 
only uſeful Property. By ſeveral Experiments Mr. Gra- 
ham has very accurately made it appear, that the Quan- 
tity of the Needle's Inclination to the horizontal Line was 
an Angle of about 74 or 75 Degrees: That is, ſuppoſe 
AB a touch'd Needle, ſupported on the Point C of the Pin 
CD, it will contain an Angle ACH or BCO with the hori- 


zontal Line HO of 74 or 7 2 
2 The Variation of the N e has within a Century paſt 
ergone 2 remarkable Alteration; for at London it was ob- 
ſerv'd by Mr. Burrcws in the Years 1580 to be 117. 15/, 
Eaſt; that is, if N, S repreſent the North and South Points 
of the Horizon, and E, W, the Eaſt and Weſt Points, the 
Needle then had the Situation AB, ſo that the Arch NB 
= 1. 15/. After that, in the Year 1622, it was ob- 
ſerv'd by Mr. Gunter to be but 6* Eaſt. In the Year 1634 
Mr. Gellibrand obſerved it to be 4“. 5/. Eaſt. In 1657, it 
was obſerv'd by Mr. Bond to be nothing at all, that is, the 
Needle placed itſelf then in the Situation 8 N, and pointed 
directly to the North. After this, in the Year 1672, Dr. 
Halliy obſerv'd it to be 29. 30“. Weſtward ; and again in the 
Year 1692, he found it 6“. Weſt, Since then, in the Year 
1722, Mr. Graham, by moſt accurate Experiments, found it to 
be 14*. 13/7. And at preſent it is between 15 and 16 De- 
2 and in ſome Places I have found it 18 Degrees Weſt- 


10. The Variation of the Declination and Inclination of 


the Needle is variable and ſubject to no regular Computation. 


What the Quantity of both Sorts of Variation is in the ſeveral 
Parts of the World, will be ſhewn in Dr. Hal;y's Map of the 
World, improved from the Obſervations of Mr. Pound, which 
is inſerted at the End of the Lecture on Wind and Sound. 
11. I think the Law of Magnetic Attraction is not yet aſ- 
certain'd ; Sir Jaac Newton ſuppoſes it to decreaſe nearly in 
the Trip/icate Ratio of the Diſtance : But Dr. Helſbam, trying 
the Experiment with his Loaditone, found it to be as the 
Squares of the Diflances inverſely. And the Power 7 T 
| 2 oad - 
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Loadſtone decreaſes in a different Manner from either, it be- 

ing in the Ratio of the Diſtances inverſely. /-c . o 
For Exafineſs, e a ſquare Bar of Iron juſt 5 of an Inch »»eh 

— nd hen pores he Then pong he Loadtons A. ” 
Form and T Y. poiſing the Loadſtone 4. | 
very nicely at the End of a Balance which would turn with | 
leſs then a Grain, I placed under it the Iron with firſt one Piece | 
of Wood, then two Pieces, and laſtly all three Pieces upon 

it, by which means the Steel Points of the Pole were kept at 

25 2, L of an Inch from the Iron, and in thoſe Diſtances the 

Weights put into the oppoſite Scale to raiſe the Loadſtone 

from the Wood (which it touch 'd while the Beam was hori- 


OY were as follows: 
Ratio Ratio of Seſquip. 


| . 
” — 156 — 156 — 156 — 156 
— 31 — „ * - — Agro!" go 
1 — 28 — 17 — 6 30 


12. Whence it appears, that the Numbers of Grains 10 
counter · act the Power of the Loadſtone in theſe Diſtances ap- 
proach very near, and are almoſt the ſame with thoſe which 
are in the Se/quiplicate Ratio, but are widely different from 
thoſe which are in the Duplicate or Triplicate Ratio; and this 

I tried ſeveral times for each Diſtance, and with 
ſcarce any Variation in the Succeſs. 


13- The Power or Force of Magnets is generally | 
in ſmall than in large ones, way ye nag 
is very rare — 21" pn take up more than 3 or 
4 times their own Weight, but a ſmall one is but tolerably 
that will take up no —_— 10, or 12 times its 
* — The Honourable Mr 2. at Bruton, has one 
Weight (with the —— is but 43 Grains, which 
will take up 1032 Grains, which is 24 times its Weight. But 
that of Mr. Newton (Which he wears in his inſtead of a 
Diamond of leſs Value) which weighs ſcarce TME E Grains, 
will take up 746 Grains, which is 250 times its Weight, which 
is by far the ſtrongeſt and beſt of any I have ſeen; and there. 
fore, as a great Curioſity, I have given a Cut of the Ring and Fig. 3. 
— Gra war we Srpay 
14. Iron Bars by ſtanding long ir. the ſame Poſition will ac- 
= the Magnetic Virtue to a ſurprizing Degree. I have, 
one about 10 Feet long and 3 inches thick, ( 
the Summer Beam of a Room) which has been able to turn 
the Needle at 8 or 10 Feet diſtance, and exceeded a Load- 
ſtone of 3 1 Pounds Weight. From the Middle Point up- 
yards i wax North rale and doynnnads a Sou rale, and 
| 3 t 


Of the Attraction of MaenzT1s M. 
1 Rod which has 1 Parts ' 
the Poſition of the 


a Degree, that ſuch a Piece 
call'd an Artificial ng fr im rey ray er 
poſſeſſes all the Properties, ſo it is uſed to the I 


8 
ven by the Inventor, Mr. in Philef. Traxſ. N“. 414. 
18. A third Way is to ide a Piece of Stecl, and conti- 
nne rubbing it very hard 


Inſtrument, and will by ths Sn of Prien conceive 
1 Degree of Virtue, as to 23 rey 
_ > of greater Force, very often, then the natural ones. 

Piece of Wire thas onder J witt be e wende, —— 
nicely Northwards, a5 any one roach'@ by the Natural Mag- 


wr: 
19. A fourth Way is to best + Piece of Steel red hot, and 
then it in Water, held therein in ſuch a Po-' 


fition as the Dipping-Needle when ſuſpended on a 
Point. This Method will ſucceed only in the Hand of 


who by foquent Trin bare noqured al 
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Way; and indeed the ſame may be ſaid of all the others. "Tis 
only that gives a Perſon the Sochivgſs necutiny 
for in all ſuch Affairs. 
20. 


A 

Place, and ra 

on unalter d, n Vir- 

TAS the Br, and the longer 2 
' is it 

de ent frog ore 
* this Views io hen tea br- 
„ and ulſo to the ne itſelf," yea of alter- 


E ee and diſpoſſeſſing it of its Virtue, 
almoſt in 3 
tleman in L dcs hoped, will oblige the World 


with a 2 beer Aron of he cis rh poet ha 

_ 1 propoſed for recoreig 
Ways have 

the decay'd Virtue of Loadſtones, and but to little 


for this Purpoſe, as it was attended with ſuch great Succeſs. 
23. This Gentleman had a about 14 z 
Ounces arm'd, which would take up 
viz. 14 . 8 oz. but having laid it by for the Space of ſome 
Years, unuſed, it had loſt 4 Part of jts Virtue and more, for 


as much 


in 
it would now take up more _— rg woe th 
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Way is by ſetting a Bar of Iron or Steel in a 
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"LECTURE Il. 


Of the ATTRACTION of GRAVITAT ION, and its 
Laws. Of MoTion and Resrt, abſolute and 
relative; equable, accelerated, and retarded 
. Motion. Of the Spaces, Times, and Velocities 
of Boprzs in Motion. Of the Corristow of 
Bopies Elaftic aud Non-Elaſtic. Of the Mo- 
MENTUM or Force of STRIKING Boprts, 
Of the Laws of MoTion. Of the Comeost- 
Tion and ResoLuTion of MorT1on. 

AcTion and Re-acTion. Of the Drscext 
of heavy Bodies. Of the DzscenT of Bodies on 
the Inclined Planes. Of the DocTrins of 
PzxpuLums. | Of the Cyclorp, its ProPeR: 
TIES and Usz ; the Curve of quickeſt Deſcent. 
| Of the Centre of OsciLLATIo and PERcus- 
l $10n. The various Uſes of the PENDULUM, @ 
\ 4 CHRONOMETER, Sc. Of a new conſftrutted 
PyROMETER, and the Exyansion of METAL: 
LINE Bopiks. Of the Doctrine of Prv- 
JECTILES, or Au of Gunnzxy. Of Cu- 
TRAL Forcts, and the various Laws and Pro- 
perties of that Sort of Motion. Of the General 
Law of the PlantTary MoTions, Of the 

Ficure of tbe EarTH, and how determined. 


—— ñꝗ — — - 


HE Fourth and laſt Species of Alttra- 
Gion is that of Ge avitaTion, which 
| | is evident only between large Bodies, as the 
: | Earth 
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Earth and Moon, the Sun and its Planeta- 

ry Attendants, The Laws of this Attraction 

are as follows, viz. (1.) It is common to all 
Bodies, and mutual between them. (2.) It 

is proportional to the Quantity of Matter in 
Bodies. (3.) It is exerted every way from the 
Centre of the attracting Body in Right-lined Di- 
rections. (4.) It decreaſes as the Squares of the 
Diſtances increaſes. That is, if a Body at A, on Plate III. 
the Earth's Surface, diſtant one Semidiameter from Fig 2. 
the Centre C, weighs 3600 Pounds, it will at the 
Diſtance of 2, 3, 4, 5, 6, Semidiameters weigh 

900, 400, 225, 145, 100 Pounds; which Num- 

bers decreaſe as the Squares of the Diſtances 

4, 9, 16, 25, 36, increaſe (XVI). 


(XVI.) 1. Though we reckon this Species of Attraftion 
different from that of Coheſion, yet, when well conſider d, 
it may be found perhaps to differ no otherwiſe than as the 
Whee from the Parts ; for the Gravity of large Bodies may 
be only the Reſult or Aggregate of the particular Powers of 
the conſtituent Particles, which ſingly act only upon Contact. 
and in ſmall Diſiances ; but with 1 in vaſt 
Quantities, produce a mighty Power, w fficacy extends 
to very great Diſtances, proportional to the Magnitude of 


2. This Force of Gravity is, to Senſe, the ſame for any 
Diſtances near the Earth's Surface ; fince à ſmall Diſtance 
from the Surface of the Earth does not ſenſibly alter the Diſtance 
from the Centre, which is near 4000 Miles : At the Height 
therefore of one Mile, for Inſtance, the Diſtances from the 
Centre will be as the Numbers 4000 to 4001, and the Pow- 
ers of Gravity inverſely as their Squares, wiz. as 1 oo 
to 16000000, or as 16008 to 16000, which are ſo 
Equality as not to be ſenſibly different from each other. 

3. But when the Diſtance is ſo great as to cauſe a Diſpro- 
portion between that and the Semi-diameter of the Earth, 
den will the Power of Gravity decreaſe very ſenſibly, ac- 
ording to the Law above laid down : Thus at the Diſtance 
of the Moon, which is, at a Mean, about 60 Semidiameters 

| Hence 
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Hence we learn that all Bodies have WEIOEHT, 
or are heavy; and that there is no ſuch Thing as 
abſolute Lzvity in Nature: And by the ſecond 
Law, the Weight of all Bodies is proportional to 
the Quantity of Matter they contain; and hence, 
ſince Bodies of equal Bulks are found to have 
unequal Quantities of Matter, it evidently fol. 
lows, that a Vacuum, or Space void of Matter, 
mult neceſſarily exiſt, and that an abſolute Pl x- 
NUM is a Doctrine unphilbſophical, and equally 
falſe and abſurd (XVII). 


of the Earth, the Power of Gravity is to that on the Earth's 
Surface as 1 to 3600, as will be ſhewn under the Article of 
Central Forces with ſufficient Demonſtration. 

(XVII.) 1. Since there is no Sort of Matter that we have 
any Knowledge of but what will gravitate, to ſuppoſe there is 
any Sort that will not, is arbitrary, and contrary to the Rules 


ä ——ů ing, and all ſound Reaſoning; by which we are 
confined to the Phænomena of real, and not imaginary Exi- 
ſtence 


2. The Weight or Quantity of Matter in Bodies be 
expreſs d by their Bulks multiplied by their — By 
the Dzx3rTy of a Body is meant the greater or leſſer Quan- 
tity of Matter under the ſame Bulk ; and therefore the Der- 
fity (D) of any Body A, is to the Denſity (D) of any other 
Body 4 Bulk, as the Quantity of Matter (M) in the 
former is to t nr That 
s; D: D:: M: ; Dag DM. 

- 3. But if the Bulks are unequal, and the «Quantities of 
Matter the ſame, or equal in any two Bodies B and C; then 
will the Denfity (D) of the Body B be to the Denſity (4) of 
the Body C, as the Bulk (5) of the latter, to the Bulk 
{BY of the former; wiz. D: 4:: b6:B; „ DB = db. 


| 4. fence D= == and fo Mb = 4 


M:m::BD: bd; that is, The Puantity of 
Harter in any two Bedies A and C, which differ in Bulk and 
Weight, are to aach other as the Products of the Denſities b 


their Bulks, as a above afſerted. 


F. Hence alſo in ſuch Bodies, D: 4:: Mb: m By tht 
a F A0, 


6 


ud 
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ALso, from the third Law it follows, that all 
Bodies deſcending freely by their Gravity tend 
towards the Earth in Right Lines perpendicular 
to its Surface; and with equal Velocities, (abating 
for the Reſiſtance of the Air) as 1s evident by 
the ſecond Law above, and what will imme- 
diately follow in Mechanics (XVII. 


is, the Denſities of the two Bodies A and C are directiy as the 
Dnantities of Matter, and iruen * as their Bulls. 

6. Laſtly, The Bulls or tudes of tau Bodies A and C 
are directly as their Quantities of 
h as their Denſities ; for we have B: 6 :: Md: . 

7. What has been hitherto faid relates to the abſolute 
Weight of Bodies ; but when the Weight or Gravities of Bo- 
dies of equal Bulk are conſider'd and compared together, they 
are then call'd the Relative Weights or Specific Gravities of 
thoſe Bodies; and fince they are 1 proportional to the 
Quantities of Matter, tis evident, that of. 'Denftie and Spe- 
cific Gravities are proportional to each other, in all Bodies ; and 
therefore wha ks beak fad of the one is equally applicable 
to the other. 

$. As a Corollary to this Article, we may obſerve with Sir 
Tac Newton, that all Space cannot be fill'd with Matter, as 
the Plenifts aſſert, but that there muſt neceſſarily be Vacuities 
or Interſtices void of Matter in the Compoſition of natural 
Bodies; for if there were not, then Bodies of equal Bulk 
would ever be of the ſame Weight and Denſity, or, in other 
Words, the Denſity and * Gravity of Cork or Air would 
be the fame with chat of Qyichſhe Aver or Gold. And "tis ſur- 

g to think, that ſuch Abſurdities are not groſs enough to 
heeded by thoſe who heſitate about a Vacuum. 

(XVII.) "The Reaſon why all Bodigs deſcend with an equal 
Velocity towards the Centre of the Earth (in YVacuo) is 
cauſe the Force of Gravity in each is proportional to the 
Quantity of Matter, or Number of Particles only, indepen- 
dent of any other Circumſtance or Conſideration whatſoever. 
7 a. e the Body A has only one Particle of Matter, 

B conſiſts, of one then will the Force 
F ien B as 1 to 100; and therefore 
the Force acting on each ſingle Particle in B is but 135 of the 
whole Force, and conſequently is but equal to the Force at- 
. the fingle Particle A; fince then each ſingle Particle 


Acalx: 


tter or Weights, andinyerſe- 
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Plate IT. 


Fig. 4. 


Mt®CHANICS. 


AGcain : Since the Attraction is always directly 
as the Quantity of Matter, and inverſely as the 
Square of the Diſtance, it follows, that were the 
internal Parts of the Earth a perfect Void, or 
hollow Concavity, a Body placed any where 
therein would be abſolutely light, or void of Gra- 
vity; but ſuppoſing the Earth a ſolid Body 
throughout, the Gravity from the Surface to the 
Centre will decreaſe with the Diſtance, or it will 
be directly proportional to the Diſtance from the 
Centre (XIX). 


in Bis acted upon with the ſame Force as the Particle A, the 
Velocities in each muſt be equal; that is, each Particle in the 
Pody B (and therefore the whole Body) muſt deſcend with an 
equal Velocity with that of A. This would be eaſy to conceive, 
if the Particles in the Body B were to fall ſeparate ; and I think 
tis as eaſy to underſtand that their Connection or Coheſion can 
no ways contribute to the Acceleration of their Motion, which 
is entirely the Effect of the Attracting Force of the Earth. 
(XIX) 1. For Illuſtration, ſuppole ABC be the outward 
Shell or Cruſt, and all the internal Parts of the Earth an hol- 
low Space or Concavity, in which ſuppoſe any Body as R, to 
8881 in any Part whatſoever; through the Centre of the 
Body let there be drawn the Lines ad and bc, which by 
their Revolution would deſcribe Cones, whoſe Baſes a6, and 
cd, in the ſpherical Superficies, are in proportion to each other 
u the Squares of the Diſtances from R refveRtively. Now the 
Particle R is attracted by the Particles in thoſe two Baſes with 
an equal Force ; for the Force is as the Square of the Diſtance 
of the Baſes inverſely, and as the Number of Particles in each 
Baſe directly, which Number of Particles is as the Square of 


the Diſtance from the Particle directly. But this rect and 


ixverſe Ratio of the Forces makes a Ratio of Equality; that , 
the Forces on each Side are equal, and being in contrary Dire- 
Qions they deſtroy each other; and this being the Caſe in 2. 
ny other Part of the concave Superficies, tis evident the Body 
R cannot be impell'd towards any Part, but will retain its Po- 
Gtion as if not affected by Gravity at all. 

2. The Forces with which a Body will be attracted on the 
Surface of two Spheres of the ſame Denſity, but unequal 


Having 
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MECHANICS. 


Havinc premiſed the neceſſary Precognita to 
the Science of Mtcnanics, which entirely de- 
pends on the Principle of Gravitation, we come 
immediately to conſider the Object thereof, vix. 
the Nature, Kinds, and various Affections of Mo- 
tion, and moving Bodies; and the Structure and 
Mechaniſm of all Kinds of Machines, commonly 
call'd Mechanical Powers, whether Simple or 


Compound. 


MOTION is the continual and ſucceſſive 
Change of Space, and is either Abſolute or Rela- 


Bulls, vill be directly as the Diameters of the Spheres. For 
the Force (f) of the leſſer Sphere ABC will be to the 
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Force (F) of the greater DEF inverſely as the Squares of Plate II. 
the Diameter (4*) of the leſſer to the Square of the Dia- Fig. 5, 6. 


meter (D*) of the greater; that is, f: F 2275 55. 
Note, This is fo becauſe the Forces are inverſely as the Squares of 
the Diflances from the Centres, which are equal to half the Dia- 
meters. 

3. Again: The Forces are as the Number of Attrating 
Particles” which are as the Bulks or Magnitudes of the 
which are as the Cubes of the Diameter; therefore alſo f: F:: 
4: D*; whence both theſe Ratio's compounded give f: 
Fit: 
in proporticn to the Diameters of the Spheres direct iy. 

Hence it follows, 284 — i ads, 

a Body to deſcend therein from the Surface of the Earth 
to the Center, its Gravity would always decreaſe with the 
Diſtance from the Center ; becauſe in every Place it might be 
conſider d as on that Surface of a Sphere whoſe Diameter is 


equal to twice the Diſtance from the Center, and which is + 


proportional to the Sphere s Attraction ; the Parts of the Earth 
above the Body being only Part of a Spherical Shell, which 
has no Effect on the Body, as was ſhewn above. 


MECHANISM. 
tive. Abſolute Motion is the Change of Abſolute 


Space or Place of Bodies, as the Flight of a Bird, 


the Motion of a Projectile, Ec. 


But Relative 


Motion is the Change of Relative Space, or that 


which has Reference to ſome other Bodies : As 


of two Ships under Sail, the Difference of their 


Velocities is the Relative Motion of the Ship fail 


ing faſteſt; and is that alone which is diſcerni- 
ble by us. The ſame is to be underſtood of A 


ſolute and Relative Reſt (XX). 
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Aocain: Motion is either Eguable or Accele- 
rated. Equable Motion is that by which a Body 
paſſes over equal Spaces in equal Times. Ac- 
celerated Motion is that which is continually aug- 
mented or increaſed z; as Retarded Motion is that 
which continually decreaſes: And if the Increaſe 
or Decreaſe of Motion be equal in equal Times, 
the Motion is then ſaid to be equably accelerated 
or retarded (XXI). 


ppear 
5. If che two Ships A and B, with the of Veloci- 
ties as above, meet each other; the one will appear to the 
other to move with the Sum of both Velocities, wiz. at the 


Hence the Reaſon why a Perſon riding again the Wind 
finds the Force of it much greater than it really is, whereas if 
he rides with it, he finds it 
SCHOLIUM, 

6. The of all theſe different Phznomena of Motion 
will be evident if we only conſider, that we muſt be abſolutely 
at Reſt, if we would diſcern the true or real Motion of Bodies 
about us. Thus a Perſon on the Strand will obſerve the Ships 
failing with their real Velocity; a Perſon ing ſtill will 
experience the true Strength and Velocity of the Wind; and 
a Perſon placed in the Regions between the Planets will view 
their true Motions ; which he cannot otherwiſe do, becauſe 

other Caſes 2822 Motion muſt be added 
to, or ſubducted from, that of the moving Body; and the Sum 
or Difference is therefore the Apparent or Relative Motion, 
and not the True. 


XXL.) 1. able Motion i le Impetus 
able, es 44 Eiben : Cram ts produced 


or ſuch as would it through the ſame 
inevery equal Part of Time. E 
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| Theorems, 
. 


Mx cHnaAnics. 
Tux Celerity or Velocity of Motion is that Af. 
feftion by which a Body paſſes over a given 
Space in a given Time, or what we commonly 
call the Swiftneſs or Slowneſs of Motion (XXII). 


. Mecelerated Metion is produced by a conſtant Impulſe, or 
8 continually acting upon the Body, as that 
of Gravity, which produces the Motion of Falling Bodies, 
which ſort of Motion is conſtantly accelerated, becauſe Gra- 
vity every Moment adds a new Impulſe, which generates a 
new Degree of Velocity; and the Velocity thus increaſing the 
Motion muſt be quicken'd each Moment, or fall faſter and 

15 lie Manner, Body thrown perpendicularly 

e Manner, a 
= as a Ball from a Cannon, will have ics Motion conties 
ally retarded, becauſe Gravity aQts conſtantly upon it in a Di- 
rection contrary to that given it by the Powder, ſo that its 
Velocity upwards muſt be continually — and ſo its 
Motion as continually retarded, till at laſt it be all deſtroy'd. 
The Body has then attain'd its utmoſt Height, and is for a 
Moment motionleſs, after which it begins to deſcend with 


ty i 
the ſame; and therefore, (3.) That . 
(by falling] at the Earth's Surface, is equal to that w 
2 Powder, or other Znpetus 2 ＋ 
up) in the firſt Moment of its Motion. 2 


for the Expreſhons of the Time (g, — 


Motion, very 
2. If the —— 


Tat 


| 
| 
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MECHANICS. 


Tur MomenTum or Quantity of Motion is all 
that Power or Force which a moving Body has 
to affect or ſtrike any Obſtacle or Impediment 
which oppeſes its Motion, and is equal to that 


impreſſed Force by which the Body is l 


to change its Place. 

SINCE the Force of a Body is — 
as the Quantity of Matter is ſo, when the Veloci- 
ty of its Motion is the ſame; alſo ſince the ſaid 
Force in the ſame Body is proportional to its Ve- 
locity: Therefore it follows, that the Momentum 
or Force of Bodies in Motion is in the compound 


Ratio of their Quantities of Matter and their Ve- 


zr 


locities conjointly, Thus if one Body A ſtrike Plate III. 


over will be as the Velocity, vin. S: V; that is, with twice 

the Velocity, twice the Space ; with three times the Velocity, 

1 will be paſs'd over in the ſame Time; 
© on. 


3. If the Velocity be given, or remain the ſame ; then the 
Space paſſed over will be as the Time (viz. 8: T) chat is, it will 


be greater or lefſer as the Time is ſo. 
＋ But if neither the Time nor Velocity be given, or 


known r 


viz. 8: TV. 


5. Hence, in general, bnce$: T V, wehaveV': © K. a 
the Velocity is away: dire&ly as the Space, and inverſely as the Time. 
6. Aud alſo T: >; that h, the Tin is ar the Space A4. 


* 


If therefore in any 
I the ſaid Rectangle will repreſent the 
w 
N — 


E 2 with 


reltl,. and as thi Velocity inverſely ; or, in other Words, it 
3 Space, and decreaſes with the Valucity. 
ABCD one Side AB Plate III 
and the other Side BC the Velocity, "ls Fig, c. 


an Obſtacle X, with 3 Parts of Matter and g De- 3 
grees of Celerity z and another Body B ſtrike it 


MxCHAN ICS. 


- with 5 Parts of Matter, and 7 


* 


3 


y to what jt was before, it mult be connected 


rity; the Momenta of the ref] 
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o 
the Stroke » will be 
„ SS% * +1 & +» 
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locities of che Bodies after 
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Tut general Laws of Motion, which all Bo. 
dies obſerve, are the three following, viz. 8 


Thus if the Bodies be equal (vis, Q= 2), 3nd A with ig 

Degrees of Velocity impinge on B at reſt; then > E 
2 . and V: V 15 516 7 0 
e MEN the Velocity after the 
Stroke, 


| 4e as Bodies are ben ig Motion, and tend the fume Fig. 3. 
22 — when Q = N. and VSV. tis plam 


— x 3. that is, the Bodies which mect with 


„ 
the Stroke, and remain at reſt. nn 
6 14. Y =4=# 4. Khich which ſhews Pig (. 
that equal Bodies meeting with unequal Velocities, they, wh 
r 
n — 

7. If the Velocity oa be mukipliad by the 


UV == 027 
Quantities of Matter Qand Z, we ſhall have = 
= the Momentum of A after the Stroke ; and = 2 


= the Biene of B. Therefore QY — SEES 
= W==2WY _ QL | p=> — wy Gann 
S -U+2 


of Motion loft in A after the Stroke, and y is equal 
to what is gain'd in B, as may be ſhewn in the Manner. 


8. But fince a Part of this Expreſſion (viz. is con- 


tant, the Los of Motion will be ever proportional ia the 
other Part V == #. But this Loſs or Chan A 
either Body the whale Bo, l fo maimee 

rude er Energy of the: Stroke. — =f 
not elaſtic, ſtrike r other with a Stroke always propor- 


tend the fame Way. 
oa | 
| E 3 LAW Il: 


/ 


34 


then Y =o; and the 
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MrcHaNnics. 
LAW I. Every Body will continue in its State 
of Raf, or moving uniformly in 4 Right Line, ex- 


f 


4.21 f 


55 


7 
: 


whence 
that of B will be 2x +2V—29/; and the 
Motions will S 


Strok x x V—9/=QV F. Whence 
e 


n 
4 


2 


FS. 75; 
12. Again, the Velocity of Bs x + V- Y= 


Here we kave fippoſed the Bodies tend the fame Way 


the Stroke; and tis evident from the Equation above, that 


A will move the ſame Way after the Stroke as before; but 
when 2 V is greater than QV427YD, the Velocity (x) 


will be negative, or the Body A will be reflected back. 


13. If the Body B be at reſt, then De; and & = 


Ge + which ſhews the Body A will go forwant 6. 
EWA. * cept 


MEzcHANICS. 55 

cept ſo far as it is compell'd to change that State * 
Forces impreſs'd. 

backwards, V is greater or leſſer than 2 V, or A 

— than Þ d 7 oak oa 
14. If Q=3, L=2, V = 10, and Y =0 ; then after Plate IV. 


the Stroke the Velocity of A will be = = _ ig. 5. 


V 
===, and the Velocityof Bill bey= Y D 
=12. If the Bodies are both in Motion, and 2 


ret the ſame un bebire; then — Cre Gas 
* — 7 4 
Velocity of A after the Stroke, and = = Fs, 
2 2 


11= Velocity of B after the Stroke. 

15. If the Bodies A and B move towards contrary Parts, 
or meet each other, then will the Relative Velocity, to which 
the Force of the Stroke is proportional, be VL V, and ſo 
the Velocities of A and B after the Stroke will be x and 
245 C 
EA Jz the Sum of theſe Motions is Qx=2 x = 2, 
Ire V—2Y = the Motion $ the ſame Part be · 


fore the Stroke. . 


. 


and the Velocity of B will be .. 
e . D K 
6. If N than QV, the M of 
' Body Ates n it will am ge 
as before. If Q= 3, 2, YT = T—227 _ 783 Fi 
—2 Fig. 7. 
| Kg PIR 8 = 


_ =— F; which ſhews, that when equal Bodies meet 


M7. Op they are reſected back wich interchanged Velocities ; Fig. & 
for in that Caſe alſo the Velocity of B becomes 3 . u. 


An Example of this you have in Fig. 8. of Plate IV. 
i . LAW II. 


Mz cHanics. 
LAW II. The Change of Motion is always pro- 
portional to the — Force impreſs'd, and is al- 
equal, and one of them at reſt, az B; 


* 
30 
28. 


ow B with any given 
e quieſcent after the 


, D, E, are equal, az 
= muſt continue ſo ; but the Body 


B at reſt ; re 
72 = and ſo the Mamextam of B will be © 

2 y. . will frike C ae Reft and pation 

us to it: ee 


= ti 
* Monentum will be pe Tre FFT W 


20 
1 TEL 
21. If now we fi 
A and C remain the 


E 8. lde SS 
12 de 


D=o, and 


8 C, or A: B:: 2 Saal S 
a 


3 — 

22. Hence if chere be any Number nh {6 of Bodies in a Geo- 
e firſt be A, the ſe - 
„ the third A, and ſo un to the laſt, which 

pg au—1 

33- Allo, the Yplocty of the firſt being V, that of the ſe- 


Ways 


in a 


ft 
MEcnaAanics:. 


ways made according to the Right Line * "which 
bat Force is impreſs d. | 

LAW III. Re-a#ton is always equal hn ins 
tary to Action; or the Actions of two Bodies upon 
ach other are akvays equal, and in contrary! Di- 
int: That is, By Action and Re ation eu 
Changes of Motion are produced in Bodies atting 
pot each other, and theſe Changes are hat pe 
towards contrary Parts. 

Ts firſt of theſe Laws is founded on che V4} 
Inertia of Matter, r it is 1 = 
r AFL ee 
rr . e 

+ OR 
o de laſt, which will be - v. 

24 The Menintum of the det will be AV; that of the 

hon TED, that of the bid =, that of the fourth 


11 


971 
r n Av. 
7 


26. 1 of if x = 100, =2; then 
zu the n Body -& to the laſt -»—1A, as 1 to 
b;3825 300000000000000000000900, nearly; and its Velo. 
city to that of the laſt nearly as 271022000000000000 to 1: 
ee a” = 


4 
4 n) of Bodies be required, and the 


Ratio of the Momenta of the firſt and laſt be given au f to M. 
a” the Ratly; of the Sering'y given alſo ; . then putting 


2 


;=R, wo have the Momentum of the iin Body expreſ'd 


Sur therefore the Logarithm of | 


i to the of R CA. R) multi 
1 — r that is, J. M —= 2—1 Oo x conſequent 


As- the Number of Bodies required. 


poſed 


Plate III. 
Fig. 4. 


terwards on Friction N beels. 


man Power, with Bodies in a reſiſting Medium. 


that would, in a given Time, cauſe it to move 


Machamlcs. 


poſed to perſevere in its State of Motion or Reſt, 
*Tis not more evident that Matter at Reſt re. 
quires an extrinſic Power to give it Motion, thay 
that, when in Motion, the Force of ſome other 
Body reſiſting it is neceſſary to bring it to a State 
of Reſt. For want of ſuch Reſiſtance we ſee the 
Planets and Comets long conſerve their Motions 
undiminiſh'd; while moving Bowls, and Wheels, 
are gradually reduced to a State of Reſt, by the 
Friction or Rubbing of the Parts on which they 
move, againſt contiguous reſiſting. Bodies ; as 
is evident by the Experiment of the Axis in 
Peritrothio, moving firſt on fix'd Boxes, and af- 


MR. ts. aa. — 46k 


From this Law, and what will . farther de- 
monſtrated hereafter, it follows, that no- perpe- 
tual Motion can be effected, at leaſt by any hu- 


WW. 


By the ſecond Law we are inſtructed how to 
eſtimate the Sum of the Motions of Bodies 
moving the ſame or contrary Ways, when they 
directly ſtrike, or impinge on each other. Al 
we hence learn the Compoſition and Reſolution of 
Motion ariſing from Forces impreſs'd+in. oblique 
Directions; a Doctrine of the utmoſt Uſe in Phi- 
loſophy, and the Foundation of all Mechanics. 
To illuſtrate this: Let the Body B be impell'd 
by the Body A in the Direction bc, with a Force 


from b to c; at the ſame Inftant, let another Body 
C ftrike it in the Direction bd, with a Force that 
will carry it from & to d in the ſame Time; then 

_ "compleat 


Nr ess ana 


: 
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compleat the Parallelogram bc ed, and draw the 
Diagonal be, that will repreſent. the Direction and 
Diſtance through which the Body will move in the 
lame Time by both the Forces conjointly (XXIV). 


(XXIV.) This is evident if we conſider that the Force im- 
preſs d by the Body C does no ways diminiſh the Velocity of 
a Body approaching to the Line ce, at the End of the given 
Time, and therefore it will then be found ſomewhere in the ſaid 
Line ce. For the ſame Reaſon it will at the End of the ſaid 
Time be carried to a Diſtance from 5c equal to , and there- 
fore it muſt alſo at the ſame Moment be found ſomewhere in- 
the Line 4e; but it cannot be in the Line ce and de at the 


2. We may now conceive the Body B moving by the ſin- 
gle Impulſe of ſome Power in the Direction 6 e, ſuch as will 
it thro' the Space be in a given Time; then this may 
be reſolved into any other two Forces acting in the Directions 
be or de, and bd or ce, which Lines will alſo repreſent the 

of the ſaid Forces in the ſame Time. if 

This Doctrine of the ion and Reſolution of Forces 


the Body B, the Stroke will not be Dire, but Oblique; and let 
the Force of the Stroke be repreſented by the ſaid Line A C. 
This Force A C may be reſolved into the two Forces 
AL andIC; the former of which being parallel to the ho- 
rizontal Line G F, cannot affect the Body B at all; for the 
Motion in that Line would only paſs by the Superficies of B, 
and touch the uppermoſt Point without any Stroke or Force 
to remove it. | 3 
5. But that Part of the Stroke repreſented by I C, _ | 
*hro* the Center of B, and therefore expreſſes the whole Force 
with which the Body A ftrikes it in the Direction A C. 
— the Force of an Oblique Stroke is to the Force of a Di- 
rect Stroke, as IC to AC, paſſing thro' the Center of the Noay B. 
6. Now ſince I C AG, we have this Analogy, The Dire& 
Stroke is to the Oblique Stroke, as A C to A G, that is, as Radine 
ta the Sine of the Angle of Inclination AC G. Whence, tis evi- 
dent, the leſs this Angle is, the more oblique the Stroke, and 
the leſs its Force, becauſe the leſs muſt AG (I be in re- 
ſpect of AC. — 
Tar 
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Tur third general Law is founded on Reaſon 
and Experience: We know from the Nature of 
Attraction or Gravity, that if a Stone fall to- 
wards the Earth, the Quantity of Motion both 
in the Earth and Stone is the ſame. That 
the Iron attrafts the Loadſtone with an equal 
Power of Magnetiſm, s evident by Experiment 


. If the Bodies A, B, are Nox- | in the Line GF, 
CF=CG=AI, and this will the horizontal Velo- 
of A after the Stroke, which will be the fame as before, 
. Body A i 
we can find (by Anf. XXIII. 7.) 
after the Stroke, which let be 27 F l 
from F to the ki) then drawing C'D i 
Motion and of A aſter the Stroke, 1 5 65 
ors arms; bean BE generated by the Stroke, 
(which alſo uy > dre op ny be equal to FD, 
if the Bodies A and B are equal. 

8. If the Bodies are E/affic, and B leſs than A, the Direc- 
tion of A after the Stroke, (wiz. CD) will make an Acute Ar. 
BE the Direction of B. or lie on the Ri tofCF. If 
than A, it will be reflected ſo that C D will make 
with CE, or lie on the Left of it. But if 

the whole Motion of A in the Di 
'd (by Arnot. XXIII. 19;) and it will 


12 . 


1 1 


Hep 


the horizontal Velocity in the Direction 

Angle with CE, the Direction of B. 

9. If two oldies A. B. in Motion, i e on each other 
in the Point C in the oblique Directions AC, BC, theſe arc 


each reſolvable into two, r. AE and EC, and BD and 
DC. Now fince EC and DC are parallel, they cannot ob- 


| E 
* rut each other, { will be the ſame after che Stroke as be. 


EG, and DP, ER 
the Ve- 


rs sse mit wt © ot two 


= * 
rn 


MECHANICS 
That Ackion and Re- action are equal between im- 


pinging Bodies, or that the ſame Quantity of 
Motion that is generated in one Body is deſtroy d 


in the other by the Stroke, whether the Bodies be 


elaſtic or non-elaſtic, will alſo be made apparent to 
the Senſes by Experiment. Whence alſo it will 
appear, that the Action or Effect of elaſtic Bodies 
is twice as great, as that of Bodies void of E- 
laſticity (XXV). 


(XXV.) Let Q== Quantity of Matter in the Earth, and 
be pg hoe. ay eee, rang dj heed and let 
q and + denote the ſame Things in the falling Stone 1 
Lace the Bank and Stone rern 

con, the Velocity of each, and conſequently 22 
deſcribe in the fame Time, will be as the Power acting on 
Body, which therefore will be inverſely as the Quantities of 
Matter in each: Conſequently Q:q::w:iV; and fo QV 
=p or the Momentum of the E equal o that of 
falling Body 

2. In like Manner, when a Horſe draws a Stone, the Cord 
being y ftretch'd between both, acts equally upon both, 
and that which has leaſt Reſiſtance yields, is drawn along. 


This is uſually the Caſe of the Stone; but if its Weight be in- 


creaſed, and therewith its Reſiſtance, till it be equal to or grea- 
ter than that of the Horſe, then neither Horſe nor Stone will 
move ; unleſs the Stone be laid on a Deſcem, and then it will 


ee. 2» performed; for the Boat, the F 

ies eaſily moveable with the leaſt — 
tus, but the Water and Air In which they move, tho” fluid 
Bodies, yet give great Reſiſtance to others which ſtrike them, 
or re- act an Force, in a contrary Direction; and 
by this means: 


93 12 Feet in Length, weigh- 


e. with which the 'Cannon recoils 


From 


" 


the Boat, the Fiſh, and Bird in a Direc- 
tion ern and with 


ing 640046, gives's Ball of 24/6. an uniform Velocity at the 
Nate of -640 Feet per Second; Fut w 6400, w== 24, 
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From” this Law we have a Solution of divers 


Phenomena otherwiſe not to be accounted for: As, 


Now fince the Mementum of the Cannon and Ball are equal, 


we have wv==wvv, and fov= WV a 22.30 ="3;4s 


Rate of 2 4+, Feet per Second, if free to move. 

5. But if the be fix'd, it will receive a Shock 
Preſſure from the expanſive Force of the Powder, equal to 
the Preſſure of a certain Weight, which Weight may thus be 
found. As the Powder conſtantly acts on the Ball while in 
the Cannon, it will drive it along with an accelerated Velo- 
city, which accelerated Velocity will produce an uniform Ve- 
locity of 24 Feet in the ſame Time (as we ſhall ſhew hereafter) 
when free from the Cannon. And ſince the Ball goes at the 


Rate of 640 Feet per Second, it will paſs over 24 Feet in 200 


22 which therefore is the Time of its paſling thro 
annon. 
6. Now fince in accelerated Velocities the Spaces pafs'd 


overare as the Squares of the Times, therefore as LK 

or as 1% is to 262" (=7115) ſo is 12 Feet to 85334 

Feet, which the would be carried through in one Secoad 

by the accelerating Force of the Powder. 
7. But —_—_— — Con of Gravity gi 

Ball a Wei 24 Pounds, the greater 

the Poder will give it the Force of a Weight 


divided into Parts 
of the ſame Proportion ; thus, as 640 — 2,42 2,4 33 637,6: 


$:797 134: 18800—-x:x!;:7 (= doo): 3: - 
9 Wianibes 2 dl 62658 


Xx = 48 Pounds, 
why 


an”. a a © . 


= 


= 25A 5. Jy, © = = ©=_aA fy A&A © 
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why ſoft and unelaſtic Bodies retain the Impreſſions 
of others, while hard and elaſtic Bodies rebound + 
with equal Force, and under equal Angles. Hence, 


the Reaſon of Rowing with Oars, and the Swim- 
ming of Fiſhes in Water ; alſo, the Flying of Birds 
in Air; the Recoiling of Guns; the retro-vertigi- 
nous Motion of the #Zolipile; the Hydroſtatic Pa- 


radar; and many other Things hereafter occa- 


ſionally mention'd, are accountable for on this 
and no other Principle. 


Wr proceed next to conſider the Nature of 


Motion belonging to Bodies which deſcend freely by 
the Force of Gravity in Vacuo, or an unreſiſting 
Medium: And this Kind of Motion we ſhall find 
affected with the following Properties, viz. 
(1.) That it is equably accelerated. (2.) That its 
Velocity is always proportional to the Time of the 
Fall. (3.) That the Spaces paſs'd through are 
as the Squares of the Times or Velocities. And 
therefore, (4.) That the Velocity, and conſequent- 


ly the Momentum, which is proportional thereto, 


is as the Square Root of the Space deſcended 
through. (5.) That the Space paſs'd through 
the firſt Second is very nearly 16 Feet. (6.) 
That a Body will paſs over twice the Space in an 
horizontal Direction, with the laſt acquired Velo- 
city of the deſcending Body, in the ſame Time 
= 


Velocity to the Cannon, the other 

1277 Fo va ſpend ene A. e rang 
1 Nn 
los of u Body falling freely 
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. Hexce it follows, that if one Leg AB of a 
right-angled Triangle repreſent the Time of the 
Fall, and the other Leg BC the Velocity acquired 
at the End of the Fall; then will the Area ABC 


Fated; and that its Yelbcity is at all Diftances proportional i. 
the Tims of the Fall, is evident from hence, that in every 
equal Particle of Time, the Body receives an equal Im 
from Gravity, which generates an equal Increment of Velo. 
city; which, therefore, as it increaſes with, muſt alſo be pro. 
i to the Times. 
2. That the Spaces paſi d thro are as the of the Time: 
or Felecitics is hence evident, that if the Time of the Fall 
Plate III. thro' a certain Space be repreſented by A 1, and the Velocity 
Dr 
the Triangle A a ent . in 
rr ivided into 
an infinite Number of equal Parts, and thro' each of theſe 
Diviſions, Lines drawn parallel to 12, theſe will repreſent the 
Velocities in the ſeveral Particles of Time. Now the Space 
deſcribed in each Moment will be as the Velocity 
for a Moment the Velocity may be conſider d as uniform) 
conſequently, the Sum of all the Spaces deſcribed in the Mo- 
ments in the Time A 1 will be as the Sum of all the Velocities, 
or Lines parallel to 1 4, which repreſent them: But the Sum 
of all theſe Lines make up the Area of the Triangle A 14, 
. therefore the whole Space paſ d thro' in the Time A 1 wil 
ba an the Hema of Be ijnn B46. and 15 
© 3. Therefore the Triangle A 26 repreſents . 
es Becks Tine 2, de Trial Age the Gow 
paſ'd thro? in the Time A 3,. and ſo on. But the Triangle; 
Ala, A 26, Ec. are ſimilar, and therefore are to each other | 
as the Squares of their Sides A , Az, or 13. 26, Ke. That 
i, the Spaces are as the Squares of the Times or Velacities.. 

4. Conſequently the Yelocities and Times of the Fall art u 
eee 
zeturm of a Body is always V. and in this Caſe' Q 
being a given ity, we have M: V, or the Momentan | 
of the Body as the Velocity, or as the Square Root of 'the Height | 
#hro' which the Body falls. a * 

5. It has been found by very accurate Experiments made | 
by letting Bodies of various Sorts fall from the Height of the 
Dome of St. Pau a, to the Pavement, that Gravity accelerates | 
m enn 
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of the Triangle repreſent the Space paſs'd through. 
And hence the Spaces deſcended through at the 
End of every Second will be as the Square Num- 


bers 1. 4. 9. 16. 25. 36. Cc. and therefore the 


Feet in the firſt Second of Time, This may alſo be other- 
ways ſhewn à priori, becauſe we demonſtrate that the Time 
(T) of the Vibration of a Pendulym (in the Arch of a Cycloid) 
is to the Time (7) of a Body's falling thro* half the 

of the Pendulum (2 L) as the Circumference of a Circle (P) to 
the Diameter (D). ( Annotat. XXVIII. g.) 


6. Again, it is found that the Length of a Pendulum vibra- 


ting Seconds is 39,2 Inches. Now ſince T: f:: P: D: 
314159 : 1, we have TO 2 :: 3,1419 12117222Tꝛ1L3 
whence we have x = L x 3,14159* — 16 Feet the Space 
deſcended in the Time of one Vibration, or 1 Second. 


7. Since the Space paſs'd thro by an uniform Motion in plate III. 


the os AD mu os po Borges AB x BC=ABCD 
=2ACPB; it is evident a moving uniformly with the 
laft acquired Velocity BC of a deſcending Body, will move thre" 
twice the Tow in the Time AB of the Fall. © | 
8. It is farther evident, that fince the Spaces deſcended thro* 
in each Second are as the odd Numbers, 1, 3, 5, 9, 11, 13, 
15, Cc. and theſe Numbers conſtantly approach nearer and 
nearer to an Equality, ſo the accelerated Motion of the De- 
ſcent does by Degrees approach nearer and nearer to an uniform 
Motion; thus the Spaces 101, 103, 17 differ but little; and 
the Spaces 1001, 1003, 1005, differ leſs; but when we come 
to the Spaces 1000000001, 1000000003, 1000000005, 
theſe are ſo very near equal, that the Motion may now 
eſteem'd uniform. | | 
3 If the Deſcent be in a reſiſting Medium, the Motion 
actually become uniform at a certain Diſtance, and the 
ſooner as the Medium is denſer ; thus a Body falling in Air 
will be longer in acquiring an uniform Motion than in Water, 
and in Quickſilver it will ſoon obtain it: Becauſe as the Den- 
ſity increaſes, ſo does the Reſiſtance, and conſequently the 
Increments of Velocity are annihilated in the fame Ratio, and 
the Motion reduced to Uniformity. hen anc 
10. Bodies of the ſame Matter and Figures willſooner come to 
an uniform Motion as the Magnitudes are leſſer; for tis ſhewn 
Mr that the Quantities of Matter decreaſe in Bo- 
with the Cubes of the Diameters, but the Surfaces de- 
F Spaces 


Fig. 5. 
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Spaces paſs'd through in each Second ſeparately 
will be as the odd Numbers 1. 3. 5. 7. 9. 11. 
13. 15. Cc. as in the Figure. 

Tux next Sort of Motion is that of Bodies de- 
ſcending on inclined Planes, and curved Surfaces, 
which we find diſtinguiſh'd with the following 
Properties. (1.) The Motion on the inclined 
Planes is equably accelerated, as ariſing from Gra- 


creaſe only with the Squares of the Diameters. And ſince the 
Reſiſtance is proportional to the Surfaces of Bodies, moving 
in the ſame Medium with the ſame Velocity, it will follow 
that ſmaller Bodies will be more reſiſted than larger ones, and 
ſo come ſooner to an uniform Motion. Hence it is, that a 
Body reduced to Powder deſcends very ſlowly and with nearly 
an uniform Motion in Water, tho? in the Solid much heavier 
than it. Alſo a Bullet ſhot from a Gun will go much farther 
and with a greater Velocity than a Charge of Shot of the 
ſame Weight, or a Ball of Cork of the ſame Size, which i 
Vacuo would go much farther than the Bullet, as admitting a 
greater Velocity with a leſs Quaiitity of Matter, from the 
ſame Momentum of the Powder. 

11. If Bodies (equal and homogeneous) move in the ſame 
Medium with different Velocities, thoſe which move faſteſt will 
ſooneſt acquire an uniform Motion, fince (as- will be ſhewn) 


the Reſiſtance in ſuch a Caſe increaſes with the Squares of the 


Velocity. If the Velocity with which a Body is projected 
e yo Motion of a free Deſcent, 
the Motion will be every where uniform, becauſe the Reſiſt- 
ance of the Medium is equal to Gravity. But if a Body (as a 
from a Cannon) be projected with a Velocity greater than 
that, the Mdtion will be retarded, inaſmuch as the Reſiſtance 
is now greater than Gravity, and ſo will diminiſh the uniform 
Motion, ariling from the Equilibrium juſt mention'd. 
12. Hence light Bodies (as an Arrow) thrown directly up- 
wards, ſpend leſs time in riſing than falling, becauſe the Mo- 
tion upwards is altogether retarded, whereas that of the De- 
ſcent is in ſome Part uniform. Alfo the greater the Velocity 
with which a Body (as a Bullet) enters a denſe Medium (as 
Water,) the leſs the Effect at a given Diſtance therein; and 
with the greater Force they are reflected or thrown out again, 
when projected obliquely, as we ſee in a Stone thus thrown 


vity. 
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W vicy. (2.) The, Force of Gravity compelling a 
Body, as A, to deſcend on an inclined Plane 
BD, is to the abſolute Force of Gravity as the Plate V. 
Height of the Plane BC to its Length BD. (3.) Fig. 1. 
© The Spaces deſcended are as the Squares of the 
Times. (4.) The Times in which different Planes, 
BD, BH, of the ſame Altitude BC are paſs'd 
over, are as their Lengths reſpectively. (5.) The 
Velocities acquired by deſcending through ſuch 
Planes at the loweſt Points, D, H, are all equal. 
G.) Therefore if a Body deſcends from the ſame 
Height through ſeveral contiguous Planes, ever 
ſo different in Number or Situation, it will al- 
ways acquire the ſame Velocity in the loweſt 
Point. (7.) The Times or Velocities of Bo- 
dies deſcending through Planes ſimilarly ſituated, 
or alike” inclined to the Horizon, as DB, EC, Fig. 2: 
vill be as the Square Roots of their Lengths, 
DB, EC (XXVII.) A des; 


(XXVII.) Let BD be an inclined Plane, A a Body de- Plate VI. 
ſcending thereon ; from the Center C draw CE perpendi- Fig. 4. 
cular to the Plane, and CG icular to the Horizon or 
Baſe CD, and meeting the Plane in F. Now fince the Body 
gravitates in the Direction CF, let CF repreſent the Weight 
of the Body or abſolute Force of Gravity; this may be 
reſoly'd into two Forces, acting in the Direktion C E and EF, 
of which the firſt is 


Length of the D be H 1 — 

b of the Plane BD to! e:ght a 

3. Alſo ſince te Tries BDC and BC W (CI. 
2 | ROM 


68 Mrcuantcs, 
From theſe Properties of Bodies deſcending 
on Inelined Planes, we deduce the following Co- 


rollaries, vz. (1.) That the Times in which a 
Body deſcends ban the Diameter BC, or any 


ing drawn to. BD); and fince the Spaces de. 

| nfo en deeper en he Fla 

be as the Powers of Gravity, or accelerating Forces in 

choſe Directions, that is, as BD to BC, or as BC to BI (for 

D: BC;: BC: BI). Therefore BI will be the Diſtance 

ſcended on the Plane i the aue Lier as a Body would 
freely in the Perpendiculat from B to C. 

[4+ Since the Motion on the Plage is accelerated, the Time 
of deſcribing BI will be to the Time of deſcribing BD, as 
VBI:VBD#tr:T; D T- BI: BD; but 
(becanſe BI: BC # BC: BD) we have BI : BD : 


Bl z therefore * T* N:; BC*; and fo 7 T 
: BI : BC :: BC: BD; conſequent the Time of d.. 
Halber BIC will be to the Time 0 deſeending 1 1 
EB. as the Height the Plane BC 16 in Length Þ 
Hence the Time (T} of deſcending, thro” an 
-  Pliie BHof the fame Height t (Fig. 6 pling, thn! ogy de (t) 
of the Deſcent thro" the P BC, BH EC 
that is, 7: :: BH: LBC; batT Oey *7:: BD: * 
therefore «x , we have :: BD: BH; or 


1 Tiges of deſcending 7 ſeugral Planes, BD, BH, of the, _ 


4 he: hw : * — 9 PCD s 
fc A 0 os * 
Time, Aut be as (he Powers wHek them) Alfo the 


Velocity at D is t6/that at I as . to the V BI; orV: 
Vun BD: Bl; and fo V>: Y* BD: BI: BC*: 
I', therefare V7 :: BC. BI; fince then the Velocity 
2 C ind D have both the ſanie Ratio to the Velocity at J. 
they mult be equal to each other. 

. In che ſanie Manner it is ſhewn that the Velocity at H is 
equal to the Velocity at C and the Velocities 
wang "al er S 
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MECHANICS. + 69 
Chord BE of a Circle, are equal. Hence, (2.) 
All the Chords of a Circle are deſcribed in equal 
Times. (3.) The Velocities acquired in deſcend- 
ing through any Arch of a Circle E C, in the 


the Velocity at F is the ſame it would have had by deſcending 


thro' GF, which has the ſame Altitude; and the Velocity at 
E is the ſame it would have gain d by deſcending thro BE ; 
conſequently the Velocity of D is the ſame it would acquire 
by deſcending thro' BD, and therefore the ſame it would have 
by falling freely thro” the Perpendicular BC. : 

9. If now we ſuppoſe the Number of thoſe contiguous 
Planes infinite, and their Lengths infinitely ſmall, they will 
then conſtitute a Curve Line; whence it follows, That a Body 
deſcending thro' the Arch of any Curve B H will acquire 
the ſame Velocity in the loweſt Point H, as it would have at 
C, by falling thro' the ſame pe Height BC. 

10. If there are two Planes BD, and CE, ſunilarly fituated, Plate VI. 
or alike inclined to the Horizon AE; the Lime of the De- pi 
ſcent on. DB, will be to the Time of the Deſcent on CE, as 8. 3- 
Square Roots of their Lengths ; for the Time on BD is to 
the Time thro” BA, as DBto BA (by Vt. 4.) and the Time 
on CE is to the Time thro' CA, as CE to CA; but the 
Times thro* BA and CA are as the Square Roots of BA and 
CA; and ſince by fimilar Triangles we have VBA : 

V CA :: V BD:: C, it follows, -That the Times of De- 
ſcent on two ſimilar Planes DB and CE are as the Square Roots 
of their Lengths, or as Ib to . 

11. From what has been demonſtrated in the ing Plate V. 
Articles, it follows ( 1.) That the Times of ing from Fig. 1. 
B to I, and to E, are equal, being each equal to the Time of 
Deſcent thro* the Perpendicular BC. (2. ) For the ſame Rea- 
ſon the Deſcent thro IC and EC, and conſequently thro? all 
the Chords of a Circle, are equal. (3.) The Velocities at C ac- 

uired by the ſaid Deſcents are as the Lengths of the Chords 
C and EC. For fince BC: EC:: EC: CF we have 


E C* 
FC = 83 and therefore IC; EC:: GT ; VPC; 
that is, as the Velocities in the Deſcents through IC and 
EC. (4) Laffly, fince Times of Deſcent through 
the Planes DB and EC are as BB to ETF, they 
will alſo be as BA to UA; for DB: EC:: PA: CA. 
7 loweſt 


——̃ F—̃ ̃— :. 


Plate V. | 


Fig. 3. 
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loweſt Point C, is equal to that which would be 


acquired in falling through the ſame perpendi- 


cular Height FC. (4.) The Velocities acquired 


in deſcending through the Chords IC, E C, of a 


Circle are, at the loweſt Point C, as the Lengths 
.of thoſe Chords. (5.) The Times of Deſcent 
through Chords of ſimilar Arches, D B, E C, are 


as the Square Roots of the Semidiameters A B, 


AC, of the reſpective Circles. 


From theſe Properties, and their Corollaries, 
the Doctrine of PzxpuLums is derived, A 
PExDuLUM is any Body B, ſuſpended upon, and 
moveable about a Point A, as a Centre. The 
Nature of a Pendulum conſiſts in the following 


. Particulars. (1.) The Times of the Vibrations 
of a Pendulum in very ſmall Arches are all e- 


qual, (2.) The Velocity of the Bob in the low- 


eſt Point will be nearly as the Length of the 


Chord of the Arch which it deſcribes in the De- 
cent. (3.) The Times of Vibration in different 


Pendulums, AB, AC, are as the Square Roots 


of their Lengths. (4.) Hence the Lengths of 


Pendulums AB, AC, are as the Squares of the 


Times of their Vibrations. (5.) The Time of 
one Vibration is to the Time of Deſcent through 
half the Length of the Pendulum, as the Cir- 


cumference of a Circle to its Diameter. (6.) 


Whence the Length of a Pendulum vibrating 


Seconds will be found 39 Inches nearly; and of 


an Half-Second Pendulum 9,8 Inches. (7.) An 


uniform homogeneous Body BG, as a Rod, Stef, 
&c. which is one third Part longer than a Pen- 
| dulum 
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dulum AD, will vibrate in the ſame Time with 
it (XXVIIT). (S.) This Centre of Oſcillation E 


(XXVTII.) 1. As the Doctrine of Pendulums and Time- 
keeping Inſtruments in a t Meaſure upon the 
Cychoid, I think it 2 was to the Nature and Uſe 


" 


of that Curve, with regard thereto. If a Circle ABC, in- Plate VI. 
ſiſting on a right Line AL, begin to revolve in the Manner of Fig. 4. 


a Wheel, from A towards L, the Point A will by its twofold 
Motion deſcribe the Curve AC DIL, while the Circle 
makes one Revolution from A to L. ; 

2. This Curve is call'd the CycLorp, and from the Defi- 
nition tis evident (1.) That the Baſe of the Cycloid AL is 
equal to the Periphery of the generating Circle ABC, of 2.) 
The Axis of the Cycloid F D is equal tothe Diameter of the 
ſaid Circle. (3.) That the Part of the Baſe K L is equal to 
the Arch of the Circle IK. (4.) Therefore K F (ME 
IG) is equal to the remaining Arch IH, or GD. (5.) That 


the Chord of the Circle KI is perpendicular to the Cycloid in 


the Point I; and (6) Therefore the Chord H I (being at 
right Angles with * ) is a bh... — the —— in — 
oint I. (7. ) The ſaid Tangent parallel to 
Chord bo“ | 
3. Parallel to EI draw ei indefinitely near, — 1 
i thereto; then will the Triangles DGE, DGE, 
Ii, be ſimilar, and fo we have DE: DG:: DG: DF 
i: In; Ii; chat is, (putting DF = 4, and DE. 


a * 


DIS x. * 2 Vazx: ans: s l 


= Fluxion of the Arch D I, whoſe Fluent is 2V ax = 
2DG =the Arch DI; and conſequently, the Semicycloid 
DIL = 2 DF, the Diameter of the generating Circle. 

4. Let AID be a Semicycloid inverted; — 9 — 
flexible String faſten'd at one End in A, and ſtretch'd along 
the ſaid Curve AID, ſo that the other End of the String 
ſhould be made to coincide with the Point D; whence the 
Length of the String will be equal to that of the Curve : If 
now the End of the String be taken from D, and with a tight 
Hand be draw from the Cycloid, it will, in its Evolution, 
deſcribe the Curve DBC, the Nature of which we are now 
to inveſtigate. | I 

5. Let the String, in evolving, be in any Situation AIHBR, 
then is I B (call'd the Radius of Emwolation) equal to the Part 
of the Cycloid ID. Put FD = ARK =, DE = #, 

F 4 C0 
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CO =y, CBS Y, then is ai =#, Ba= Opm=y, 
BS = and (by &rr. 3.) DIS UB) . whoſe 


Fluxion + 1 3 therefore d X =. — 4 


(T7 — =) = — 1 „ whence I's = 


Py 
CE 
27 — = ; but IS: II n ca: eB 2 43: B33 222 


222 nne b MB e n 
a — Xx 


BM—BN=MN=IQ=ED==x. 
ly BH= HI; and alſo CK = K A, becauſe all the Ra. 
dii of Evolution (of which A C is the laſt) are biſected by the 
Baſe LD; e 


whence y = V x, ad ſos = 27 therefore 


2 22 ay; conſequently "As CBD, having the 
ſame Property with AID, is every way equal and fumilar 


6. Whence it appears that if AC be the Length of a Pen- 
dulum fo diſpoſed, as to vibrate between the two Semicy- 
cloids AD and AL, the Bob will deſcribe in its Motion the 
.Cycloid DCL. The Properties of which Motion will now 
eafily appear: For with reſpęct to the Velocity acquired by 
'deſcending thro' any Arch RC or BC, it is always as / OC 
which is as the Chord SC = 4 RC ;. conſequently the Yelo- 
„ is every where at the Space poſr'd through, or as the 
Arch of the Gade deſcribed in the Deſcent. 
7. But ſince it is always S= T V, in all kind of Motions ; 
if in any Caſe S be as V. er 
ttity, or always the ſame. That is, When the Spaces (J, , 
are as the Velocities [V, v,) the Times (T, e,) will be 
equal; . e, eee great or 
are d:ſcribed in equal Times 
11-8 Ifweput CK , KO , then will 2 SC=RC= 


2V aa—ax; if the Deſcent be from L to R. the Velocity 
at R will be a= OE, Now CO: CS (:: CS : CK) 


4 Rog: Rr = E 


Vaa—arx 


LR, which divided by the Velocity / I gives the Fluxion 
| of 


SO 06m +*%, +. tf ws „ 9a e 
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a x as 


e *  anwmpa 


=== is the Fluxion of the circular Arch K 8 ; there- 
ax — XX 
KS 


fore the Fluent of the Time of Deſcent thro” LR Arch = 

a 
wherefore when 8 coincides with C, LR will become LC ; 
TM fr thro' the Semi-cycloid will be 
KSC 


72 
moe the Time ef daun th te whole Cy- 
2 


of the Time = 


dad LCD is —== ud the Time of Deſcent thro' the = 


V a 
* KSC 
Perpendicular K C = « being / Z, we have 2 
:2KSC:a. WN 
Time of Deſcent thro” half its Length, as the Gireumference fe 


Circle to its Diameter, or as 3, 9 
10. If AC be the Length ofa Nadeln vibrating Seconds, 


i may be eaſily found, . —— Be | 


E that a Body deſcends freely by Gravity thro' 1934 
in the brd Second of Time ; therefore by —— 
Analogy, as 3,14159* : 1* :: 1934: 19,6 — K, T. an ſo 
AC = 3972 Inches, the Length of a ec Pendulum, as re- 
guir d. Fad fn the Lee ares of the Times 


of Vibrations, we have 4: 1 :: 39,2 : 9,8 the 464 
Se- 


of an half-ſecond Pendulum. 

14. Since the Length of a Pendulum AC, for 
conds, is ſo conſide the Bob, Aiden d Grant 
Checks A L and A D, wil indeed deſcribe the Arch of a Cir- 
cle, as Ce, when, it vibrates, but then this Circular Arch 
vill, for ſome Diſtance on each Side the loweſt Point C, coin- 
cide with the Cycloid very nearly, as for Example, to g and 
b; and hence it follows that a common Pendulum, 
thro' y ery ſmall Arches gh, will perform all its Vibrations in 

ual Times, And hence the above-mentioned Cycloidal 

came into Diſuſe. 

12. Hence the Time of Deſcent thro” the Chord C is to 
the Time of Deſcent thro” 1 


belonging to it as V 4 a (appoling AC= 24) to = >. or 


1 24 to f P, thatis, ax ato LP = i, 0,7854, or 


/ . mM 


=== 3 but 
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in the Rod, is alſo the Centre of Percuſſion, or 
that Point m which the Force of the Stroke is 
the greateſt poſſible (XXIX). 


2 o, 7854, which is the Proportion of a Square to its inſcribed 


13. In all that has been hitherto ſaid, the Power of Gn. 
vity has * conſtantly the ſame. "But if the faid 
Power varies, the n 


 Gme Proportion, in vibrate m 

Times; el 
bration and Deſcent thro' half the is given, and con. 
ſequently the Times of Vibration and throꝰ the whole 


Length is given: But the Times of Vibration are ſuppoſed 
— 8 the Times of Deſcent thro' the Lengths of 
the Pendulums are equal. But Bodies deſcending thro” une- 
in equal Times are impell'd by Powers that are a; 

| „that is, . 
| bs of the Pendulns See Arnot. XXVII. Art. 2. and ;. 

Plate VI. J 1- If AB be an uniform Rod vibrating about the 
Fig. 6. Point A, the Velocities of every Point D, C, B, will be : 
the Arches DE, CF, BG deſcribed in the fame Time; but 

* . thoſe Arches are as AD, AC, AB; conſequently the Yehcit 

of cory Paint is proprtional to ts Diflance from the Center if 


I on A 


2. Therefore if x repreſent the Length of the Line, it wil 
ent alſo the Sum of all the Velocities, of which x wil 
the Fluxion ; therefore : 4 will be the Fluxion of be l. 


TL RRP = will be the Sum of all the M. 
+, which divided by the Quantity of Matter a will gi 


LAI 


* ©" r the Momentem of an 
Particle be increas'd in proportion to its Velocity and 

4. and this is call'd the Force of tit 
Particle: therefore if the Fluxion of the Moments x be mu 
plied by the Veloci x, the Product x x & will be the Flu 
* the Particles: The Fluent of which 


— - will be the Sum of all the Forces, which divided by tit 
m of all the Moments © will give 4 x= Diſtance of the 
| Fro 


, 
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From theſe Properties of the Pendulum we 
may diſcern its Uſe as an univerſal! CHRONOME- 
TER, or Regulator of Time, as it is uſed in Clocks 
and ſuch-like Machines. By this Inſtrument alſo 
we can meaſure the Diſtance of a Ship, by mea- 
ſuring the Interval of Time between the Fire and 
the Sound of the Gun; alſo the Diſtance of 2 
Cloud, by numbering. the Seconds or Halt-Se- 
conds between the Lightning and Thunder. Thus, 
ſuppoſe between the Lightning and Thunder we 
number 10 Seconds; then, becauſe Sound paſſes 


through 1142 Feet in one Second, we have the 


Diſtance of the Cloud equal to 11420 Feet. A- 
gain; the Height of any Room, or other Object, 
may be meaſured by a Pendulum vibrating from 


the Top thereof. Thus, ſuppoſe a Pendulum 


from the Height of a Room vibrates one in three 
Seconds; then ſay, As 1 is to the Square of 3, 


viz, 9, ſo is 39,2 to 352, 8 Feet, the Height 


required. Laſtly, by the Pendulum we diſcover 


the different Farce of Gravity on diverſe Parts of 
the Earth's Surface, and thence the true Figure of 
the Earth (XXX). 


Center of Forces from the Point A. In this Center therefore 


the Force of all the Particles will be united, and conſequently 


this Point, and no other, will ſtrike with the Force of the whole 
Rod, which is therefore call'd :he Center of Percuſſion. 

4. This Point is alſo the Center of Oſcillation or Vibratias; 
for fince it ſtrikes with the Force of all the Particles in the 


Line AB, it will move in the ſame Manner as if all the Par 


ticles were in that Point collected together, that is, it will oſ- 


| Cillate or vibrate in the ſame time with a ſingle Pendulum, 
Whoſe Length is equal to that Diſtance, wiz. 3 of AB. | 


(XXX,) 1. Since it is found by Experiment, that a Pen- 
dulum under the Equator vibrating Seconds is ſhorter by 10 


: of an Inch than ſuch an one in eur Latitude ; it follows, that 


Tat 
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Heat and Cold, which very ſenſibly expand and 
contract all Metalline Bodies, as will be very evi- 


as follows. 
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Tus greateſt Inconvenience attending this moſt 
uſeful Inſtrument is, that it is conſtantly liable to 
an Alteration of its Length from the Effects of 


dent by the Pyrometer (XXXI). 


91 to 392; as being ional to the Lengths of the 
ums ( Annotat. XXIII. . 13.) Whence it is evident 
the Surface of the Earth is farther diſtant from the Centre un- 
der the Equator than in our Latitude, and therefore is not 
Spherical. What the true Figare is, and whence it pro- 
ceeds, will be ſhewn 
2. To the Uſes of a Pendulum above-mention'd may be 
added another moſt conſiderable, viz. That a Pendulum i: an 
Standard of Meaſure, becauſe the Length of any 
is known by the Time of its Vibration; and there- 
8 the Length of a Second Pendu- 
Standard. Thus ſuppoſe a Japoncſe was enquiring 
of the Engl; Foot, N N. „ 
i in the Time a Second Pendulum made 55, le 
would immediately know the Time of a fingle Vibration in 
each muſt be inverſely as thoſe Numbers, wiz. as 55 to 
100; and then, that the Linathe of thoſe Pendulums were 


as the Squares of the Times, wiz.” as 100 55 : 39,2 


3. Hence, if the Length of a Second Pendulum were 
made to conſiſt of 1000 equal Parts, the Lengths of the 
Meaſure made uſe of by Nations might be compared 
and 3 Parts; thus the Egli Foot 
would be found equal S 9,2: 122 
1000: 306, 9 fere. And thus for any other i this Me- 
thod of aſcertaining the Meaſures were uſed by all Nations, 
it would entirely preclude all Doubts and Obſcurity in this 
Affair to Po 

(XXXT.) 1. The PYroOMETER which I have contrived to 
thew the 
moſt 


Extenſion of heated Metals, &c. is perhaps the 
chine will admit; and the Manner of computing its Effect is 


ſimple, exact, and eaſy, that the Nature of ſuch a Ma- 


2. AB is the Diameter of the Axis or Spindle on whic! 
the heated metalline Bar is laid, and is moved by its Exten- 


Wt 
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Wurx Pendulums were firſt applied to Clocks, 
bey were made very ſhort; and the Arches of 
te Circle deſcribed being large, the Times of 
ſbration through different Arches could not, in 


n; on the other End is fix'd a ſmall Wheel CE DF, which 
connected by a filken Thread to a ſmall Pinion Wheel 
GH, which on its Extremity carries a fine Index over the 
In*ons of a large graduated Circle I EL. 

. Now admitting the metalline Rod extends ;5;53;y Part 
an Inch, tis plain the Circumference of the Axis AB, on 
nich it lies, muſt be moved through the ſame Space; and 

the Wheel EF to be in Diameter 10 Times as 
aye as the faid Axle AB, the Motion at D will be 10 
Tmes as great, or the Point D wilt move through +5 Part 
dan But juſt ſo much as D moves, will the Peri- 
piery of the Pinion GH move, they both moving with the 
lame Thread; if therefore the Circle IK L be in Diameter 
to Times as large as that of the Pinion G H, the Motion of the 
ladex (which it carries) on its Circumference will be 10 
Times as great, viz. 753g Part of an Inch, which will be vi- 
ible to the Eye : Conſequently Inch on the 
dude will ſhew the Extenſion of (ioo x 755565 =) 75s Part 
du Inch in the Metal. And fo if the whole Circumfe- 
race of the Circle IK L be 10 Inches, one Revolution of the 
lader will ſhew the Expanſion of I of an Inch in the Metal. 

Hence it is eaſy to obſerve, that if the Wheel EF, and 
dice IKL, be in any Proportion to the Axles AB 
Wd GH greater than what I have aſſign'd, the Power ar 
ec of the Machine will be increaſed in the ſame Degree; 
ad hence this Inſtrument may be conſtructed to ſhew very 
great Expanſions of the Metals with the utmoſt Degree of 

6. Us be. curious to know in what Propor- 

n the ſeveral Sorts of Metals are expanſible, which I ſhall 
here ſhew'in a Table made from the iments of Pro- 


Yr Maſcheabreck, with 1, 2, 3, 4, 5, Flames of Spirits 
INC, 
14 Ven. Steel. Copper. Braſs. Tin. Lead. 

Fame 1 80 85 389 110 153 

2 117 123 115 220 

gags 210 m6 27s. ©: 

"8 | oo. 9 V 

6 239 310 310 377 ® 
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Boch «will deſcend from any Part thereof to the lau- 
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that Caſe, be equal; to effect which, the Pendy- 
lum was contrived to vibrate in the Arch of 2 
Cycloid, the Property of which Curve is, that a 


S a 


6. Here we obſerve the Expanſion of Fon to be the leaft 
and 


: of ying ariſing 
from the Extenſion and Contraction of the Metalline Rod of 
Pendulums, is by applying the Bob with a Screw, by which 
means the Pendulum is at any time made longer or ſhorter, a 
the Bob is ſcrew'd downwards or upwards, and ſo the Time 
of its Vibration is continually the ſame. 

Fr .A. Tube, uniform throu 

'd wi ickfilyer, the Length of 58,8 Inches, were 
5e it would vibrate Second, (for 39.2=3 
of 58,8) and ſuch a Pendulum admits of a twofold 

fion and Contraction, wiz. one of the Metal and the other 
of the Mercury, and theſe will be at the ſame Time contrary, 
and therefore will correct each other. 
9. For by what we have ſhewn, the Metal will extend in 

with 


2E REED Ogg HSDEM 5s nm 


1 


of the latter; of which the Reader may ſee 
count in Phil, Tranſ. N“. 392. 


% 
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eſt Point in the ſame Time, and ſooner than by any 
other Way (XXXII). | 


(XXXII.) 1. How far the Cycloid is concern'd in the Pen- b 
dulum, has been ſhewn; I ſhall now ſhew that this is the | 
Curve of quickeſt Deſcent; for let AHC be the Curve of Plate VI. 
quickeſt Deſcent, will a Body deſcending from A paſs Fig. 7, 
from H to D ſooner in an Arch of this Curve than in any other, 
between H and D; let the Point G be taken ſuch, that, draw- 
ing HF, GE parallel to the Axis A B, may cut off 
18 ED. in the Perpendicular KG and LD. Since the 
Point D is given, L D is conſtant, as alſo IG = DE, be- 
cauſe the Point H is invariable, and therefore alſo K G is 
8 the variable Quantities are HI, HG, and 

E, GD. 

2. Now put K G B, LDR, and IG EDA: 
alſo HI wand GES A; then will the Velocity of the 
Body at G be as KU, and at D as LB. And fince 
the Times are as the Spaces paſs d over directly, and the Ve- 
locities inverſely, the Time of paſſing thro H G will be as 
r as ; 

Vo nde Tune deſcribing G D, 
c ! 

3. But the Sum of thoſe. Times is the leaſt poſlible, vir. 
=. nme Conſequently its Flue 

c 


VV X _ <> 
JN N OO Ivete 
— ; but ſince HF =v+z =a conſtant 
Ar 9 

Quantity, we have U 2 =0, and ſo d -f; and 
V Z 
bY r v7 + A 


Vi + = #b;v , whence Z ; V 
oe. 2907 eG GD: OH pH Ix LD :GEX 
Gz, 

4. But GD, HG are the Fluxions of the Curve; HI, 
E, the Fluxions of the Ab/ciſe AM, AK; and K G, 
L are the Ordinates to the Points G and D. 7hore/orc the 


Flies. of the Curve of favifteft Deſcent are every where as the. 
| | Taz 
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Tax Motion of PrxojecTiILEs comes next to 
be conſider d. A ProjecTiLE is any Body A, 
thrown or projected in an wpright, obligne, or bo- 
rizontal Direction; as a Stone from the Hand, an 
Arrow from the Bow, or a Ball or Bomb from 


a Cannon or Piece of Ordnance. The Force 


with which the Body is projected is call'd the 
ImyE7vs,- and the Diftance to which it is thrown 
is call'd the HoRZONTAL RANDOM or AMPpLI- 
rupꝝ of the Projection. 

_ Evetxy Projectile is acted upon by two Forces 
or Powers, viz. the Impetus of the projettile Force, 
and that of Gravity. By the firſt, the Body paſ- 
ſes over equal Spaces, AB, BC, CD, Sc. in . 
qual Times; and by the ſecond, it deſcends through 
Spaces AG, AH, Al, Sc. which are as the 
Squares of the Times; and therefore by theſe two 
Forces compounded, the Body will defcribe, not 
a Right Lin, but a Curve AQ ; and of that 


Fluxion of the Abſciiſz Ara, and the Square Root of the Or- 

"5. Biz ths e ofthe Cd, for ati 
8. 13 3 

af e's KG =BN =y, and BC=a; the Triangles 

ONC and GE D ate fimilar by the Nature of the Curve; 


and therefore ON: OC: GE: GD; that i, ay —) ** 


D 8 = 
. „ R 

Feb, but ad is a given Quantity, therefore GD 
is every where as , or directly as the Fluxion of the 
Abſcis AK, and inverſely as the Square Root of the Qrdi- 
te RG, and conſequently che Cycleid is the Curve of fil 
Dicer. See Auetal. XXV III 3. K gurt 


Pam ——_ r 
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Sort which we call a Parabola; and this will be 
the Caſe in all Directions but that in the Perpen- 
dicular, when the Path of the ProjeCtile will be 
(to Appearance) a Right Line. The greater the 
Angle of Elevation K AM of the Cannon is, p, 
the greater will be the Height DB to which the 
projected Body will riſe. Alſo, the greater will 
be the Diſtance or Amplitude of the Projection, 
till the ſaid Angle becomes equal to 45 Degrees 
K AO; upon which Elevation the Random A C 
will be the greateſt poſſible, and equal to twice 
the Altitude AG of the perpendicular Projection. 
On any Elevation AM or AM, equally above 
or below 45 Degrees, as on 40 and 50, 30 and 
60, 20 and 70 Degrees, the Random A C will 
be the ſame; which Caſe an Engineer frequently 
finds of very great Uſe. 

Ir the Object be ſituated above the Horizon, 
then, in order to ſtrike it with the leaſt Impetus, 
let a Piece of Looking-glaſs be fix d to the Can- 
non perpendicular to its Axis; and holding a 
Plumb-Line over the Glaſs directly under the 
Eye, the Cannon is to be elevated till the Object 
appears exactly under the Plummet, and there 
fix'd; if then it be diſcharged, it will ſtrike the 
Object as required. 

From what has been ſaid, we may eaſily un. 
derſtand how' a projected upright from the 
Earth's: Surface does really deſcribe a Parabola, 
though to Appearance it aſcends and deſcends in 
2 Right Line. For it is urged by two Forces, 


vi. the Projectile upwards, and the Force ariſing 
G from 


i from the Motion of the Earth about its Axis 
from Weſt to Eaft; in which Caſe it mult neceſ. 
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farily deſcribe a Parabola (XX XIII). 


Fig. 7. 


p — — — — — — 


jeted from the Cannon in the Direction A M; this may be 


(XXXIIT.) 1. In the Parabola, it is demonſtrated that the 
: ſeveral Meiſe AG, AH, AI, &c. are as the Squares of 
the Ordinates GM, HN, IO, Sc, and ſince this is the Pro- | 
Jour of the Curve which the Projedtile deſcribes, "tis evi. 

the Projectile deſcribes a Parcbo/a. 
2. Let AM' repreſent the Force with which a Ball is pro- 


reſolved irto two others AL and LM, of which the firſt i 


perpendicular, and the latter parallel to the Horizon. The 
e Force or Velocity AL is that by which the 

riſes, and the Heights to which it will riſe with the Ve- 
locities AL nd AM are as the Squares of the Velocities, 
wiz. as X IL to AM ; but (becauſe AL: AM AM: AG) 
AL: AM: AL: AG; therefore ſince AG the 
Height to which the Ball will riſe with the V AM, 
AL will be the Hei he to which it will riſe with the Velo. 
dee on the Elevation AM; thu 


3. r LM in the horizontal 
every where uniform, or carries the Ball throug) 

equal Spac Spaces AR; RS, ST, TV, VW, in equal Time: 
For by the fagle bp Impetus of the Powder, the Ball deſcribe; 
equal Spaces AB, BC, CD, Se. in equal Times in the Dr 
rection AF, as has deen ſhewn ; therefore by rhe Similariy 
of 'Tri AR, RS, ST, Ee, will be as AB, BC, CD, 
Ec. that is, the horizontal e the Projefinn, of | 


- 4. Now fince'the —— >) Tio 
Velocity as A L. to , and AL is the Space paſs A gas! 
by the former in halF the Time of the Fefe Bon, 1M 
be the Space paſs'd through in the horizontal Direction in 
the ſame Time, if the Velocity L Mere of the fame Sot 
with Bb viz. eee, accelerated; but finct 
LM-i t uniform, * will catry tho Bot 
— ridice twice the Space LM in the ſame Time Auer. XXVI. 
that is, 28 ogy oe =LB=2LM. 
5. And fince the Time of the Afcent from A to B is © 
„ MAERNEEN the Ball will paſs over DC= 


LAL 


2 
— 
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I $HALL in the laſt Place conſider the Nature of 
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Cixcutan Morion and CzxT AAL Forces. — 
If a Body A be ſuſpended at the End of a String; 


AC, moveable about a Point or Pin C as a Centre, 


AD in the Time of the Deſcent from B to C therefore the 


horizontal Space A C, which the Ball paſſes over during the 
whole Time of the Projection, is equal to 4 times LM, where- 
ever the Point M be taken in the Circumference AOG. 
6. Hence when AO is the Direction of the r 0 
the middle Point of the Semicircle) the Line 
NO, which is the horizontal Velocity, will be the greateſt 
poſſible (from the Nature of the Circle) and uently 
4 N02 As 7 the greats af mg horizontal Random ; which 
therefore is e e For 
OAK AON-OAN, — NO 
ANO=—go?, AON=0AN=OAK—45" 
7. Hence AN=FE (=NO=3z AQ) will be the Height 


of the Projection on the le OAK—45*% MWhence AQ. 


Ti be the Parameter, - or Rectum, of the Parabola 

8. F MO=OR, then will LM=TR; and conſe- 
quently the horizontal Random on the Elevation AM, and 
AR, will be equal, viz. AC; but the Height of the Pro- 
jection on AR will be AT SD. Whence the Height 
SD is to the Height DBD (as RK to MK) a & TR 
{bes of of Elevation RAK to the Tangent of the Angle 


9. From what has been demonſtrated tis eaſy to under- 
ſand, that an Object ſituated on the Horizon may bechit by 


a Ball diſcharg'd on an Elevation of 45* with a leſs Charge 


of Powder, than on any other Angle of Elevation. 
10. The Time of the Projection ABC is equal to the 
Time of the perpendicular Aſcent and Deſcent through AL or 


DB, (becauſe the horizontal Velocity does no way affect that 


in the Perpendicular.) But the Time of Aſcent and Deſcent 


in AL is to that in AG, 3 ALtoVAG; that is, (fince 


AL: AG: IM* : AG") AM to AG ; that is, becauſe 
AG: AM: : AM: yah MK) as MK to AM, or as 
te Sine of the Angle of Blovation MAK tothe Radix: 

11. T the Times of two different Projections ABC, 
ASC, will be as the Chords AM and AR, or as the Sines of 
the Angles of Elevation to the Radius AG. 
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and in that Poſition it receive an Impulſe or Blow 
in an horizontal Direction, it will be thereby com- 


pell'd to deſcribe a Circle about the central Pin: 


While the circular Motion continues, the Body 


12. Suppoſe it required to know from wh ES 
Body ought to fall to acquire ſuch a Velocity, that, being 
reflected in that Moment in the Direction A F, it ſhould de- 
ſcribe the given Parabola AOQ. In order to this we are to 
conſider that (the Equation being xp = yy) the Velocity of 
a Ball ſhot from the Cannon commences in the Direction of the 
Axis AL (or Abſciſs x) in the Point A; but that in the Di- 
rection A F (or of the Ordinate 5) is from firſt to laſt the ſame; 
conſequently there muſt be a certain Point, to which the Ball 
having deſcended. acquires a Velocity equal to that in the 
Direction A F, which is uniform; and this muſt be when 
4 j. To determine which, ing the Equation xp=yy 
in Fluxions, we have n es © this Caſe we 


have x =, therefore p = 25 and == xp, (pr 

Equation ;) therefore 4 p* = xp, that is, 4 = #. 

13. Conſequently, if an hears Body fall 9 the ap 
of 3 of the Parameter of the given Point A, and in 
Point it be reflected (with the Velocity there 1 
— ae on AF, it will deſcribe the given 
CEL Wb ibid ib n 4 he R 656 
ſtance AD and Height BD are given, with the leaſt Inpe- 


tus of all that will hit it, then in order to find the Elevation 


of the Cannon, draw AB, and EA perpendicular to AC; 
on the Point A deſcribe the Arch abc, which biſect in ö, 
then a Line AF drawn through that Point will be the Ele- 
vation of the Cannon as required; and the leaſt Þnpetus will 
be equal to . See the Demonſtration of this by 
the Inventor Dr. Halley in the Phil. Trauſactions, and by Dr. 
Kill, Introd. Pag. 280, 281. From a bare View of the Dia- 
gram the Reaſon of the Uſe of the Looking-Glaſe and Plum- 
A En be efted perpendich larly upright in the 
15. If a ict upright in 
Dirottion A F with a elocity that will carry it to the Height 
of one Mile, „Lee 5 
in the Aſcent, as much in the Deſcent, (for, as 16, Feet 


will 


a> es & 
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will have a continual Endeavour to recede or fly 
off from the Centre, which is call'd its Centri- 
fugal Force, and ariſes from the Horizontal Impetus; 
with this Force it acts upon the fix d Centre Pin, 
and that, by its Renitency or Immobility, re- acts 
with an equal Force on the Body by means of 
the String, and ſolicits it towards the Centre of 
Motion, whence it is call'd the Centripetal Force; 
and when we ſpeak of either, or both of them 
indefinitely, they are call'd the Central Forces of 


the revolving Body. 
IT is of the laſt Importance to underſtand the 
Nature of this Kind of Motion, fince by. it all 


the Machinery of the Planetary Syſtem is per- 
form'd, as will be eaſy to underſtand, if, for the 


revolving Body, we ſubſtitute a Planet; for the 
Centre, we place the Sun; for the Centripeta] 


5280 Feet :: 1* :*; whence x = 18", fere the Time of 
Aſcent or Deſcent.) Now in the Parallel of London, the Mo- 
tion of the Earth's Surface, and of all Bodies upon it, is at 
the Rate of 10,8 Miles per Minute, or 950 Feet per Second, 
from Weſt to Eaſt: Therefore in 36 Seconds, the Time of 
the Aſcent and Deſcent, the Ball will be carried over 34214 
Feet, or more than fix Miles, in the horizontal Direction Eaſt- 
wards froiu the Point A to H. Now fince the Ball is carried 
at the ſame Time with a retarded Force u , and an 
uniform Force forwards, it will deſcribe the Parabola ADH. 
And becauſe the horizontal Motion in the Spefator and in 
the Project is the ſame, they will * through equal 
Spaces AN, OB; AM, PC; AL, FD, Sc. in the ſame 
Time; and conſequently the projected Ball will always appear 
perpendicularly over the Spectator in every Point of the Curve; 
which is the Occaſion of the Deception above-mention'd. 

16. Hence the Objection uſually urged againſt the Motion 
of the Earth, from the apparent Aſcent and Deſcent of Pro- 


jects in a Right Line, is the Reſult of Ignorance; as indeed 


are all other Arguments of this Kind. 
G 3 Force, 


— ——— = 4 
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Plate V. 
Fig. 8. 
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Force, or String, its Power of Attraction; and 
for the Projefile Force, the Almighty Power 
of God in the firſt Creation of Things. 

TAE Theory of this Species of Motion is 
compriſed in the following Propoſitions, viz, 
(1.) The projectile Force AH is infinitely greater 
than the centrifugal Force HE. (a.) The cen- 
tral Force 1s proportional to the Quantity of Mat- 
ter in the revolving Body A, all other Things 
being equal. (3.) If two equal Bodies A, B, de- 
ſcribe unequal Circles A M, AN, in equal Times, 
the central Forces will be as the Diſtances AC, 

BC, from the Centre C. (4.) If equal Bodies de- 
ſcribe unequal Circles with equal Celerities, the 
central Forces will be inverſely as the Diſtances. 
(5.) If equal Bodies deſcribe equal Circles, the 
central Forces will be as the Squares of the Ce- 
lerities. (6.) If equal Bodies deſcribing unequal 
Circles have their central Forces equal, their Pe- 
riodical Times will be as the Square Roots of the 
Diſtances. (7.) It equal Bodies deſcribe unequal 
Circles with equal Celerities, the Periodical Times 
will be as the Diſtances directly. (8.) Therefore 
the Squares of the Periodical Times are propor 
tional to the Cubes of the Diſtances, when neithet 
the Periodical Times nor the Celerities are given. 
And in that Caſe, (g.) The central Forces are a8 
Squares of the Diſtances inverſely. 

Tursk are the Theorems of circular Motions 
the two laſt of which are found by Aſtronomers 
to be ſtritly obſerved by every Body of the Pla- 
netary and Cometary Syſtem, For Example: 

| | The 


A 
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The Periodical Time of Venus is 225 Days, and 
that of the Earth 365; the Squares of which 
Numbers are 50625 and 133225: Again, the 
Diſtance of Venus from the Sun is to that of the 
Earth as 72 to 100; the Cubes of which Num- 
bers are 373248 and 1000000; but 50625 : 
133225 :: 373248: 1000000; that 1s, the Squares 
of the Periodical Times are as the Cubes of their 
Diſtances, very nearly. From hence alſo it will 
eaſily appear, that Bodies under the Equator have 
the greateſt centrifugal Force, which there acts in 
direct Oppoſition to Gravity, and diminiſhes to- 
wards the Poles, with the Squares of the Diſtan- 
ces from the Earth's Axis. Hence alſo it is evi- 
dent, that if ever the Earth was in a fluid State, 
and at the ſame Time moving about its Axis, it muſt 
neceſſarily put on the Figure, not of a perfect Sphere 
or Globe, but of an oblate Spheroid, flatted towards 


both Poles; as is manifeſtly ſhewn by Experiment 
XIV.) 
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XXIV.) 1. Let AD=a, the Diameter of the Circle Plate v. 
AMD; AH the Space which a Body A moves through in Fig. 8. 


a conſtant Particle of Time by an uniform Prejectile Force: 
HE the Diſtance it is drawn from the Tangent AH by the 
Centripetal Force (which is juſt ſufficient to retain the Body 
moving in a circular Orbit,) in the fame Time. 

2. ſince AH is indefinitely ſmall, the Arch AE, and 
its Chord, will nearly coincide and be equal to AH, and will 
therefore alſo repreſent the Projectile Force. But AD: 


AE :: AE: AZ HE = 15 — the Central Force. 
Now A E is infinitely ſmall in reſpect of A D, therefore HE 

or A a is infinitely ſmall with reſpect to AE. | 
3. If the Projectile Force or Velocity A EV, and = 
the general Expreſſion of the Central Force will be — = 
| G 4 which 
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which therefore in different Circles will be as dhe Squares of 


the Velecities direly, and inverſely as the Diameters or Semi- 
diameters of the Circles. : 

4. But in the ſame Circle it will be dire4ly as the Squares of 
the Velocity; becauſe in that Caſe @ is given. But if 
the Velocity be given, it vill be as the Diftance from the Cen- 


ere inverſely, (for then — becomes =) | 


5. Hence if the Central Forces in two Circles be equal, 
the Diameters of thoſe Circles, or Diflances from the Centre of 
Farce, will be as the Squares of the Velocities directiy. ; 

6. As AE: 1 :: 3,1416 @ : P = the Periodical Time 
of deſcribing the whole Cirele (for in equable Motions the 


Spaces are as the Times.) Therefore P= , whence 


2 2 
V*—412<2, which ſubſtituted in the Expreſſion for the 


2282. — 
Central Force, we have 1 = = hd (becauſe 3.7416 
is given) for the Central Force in this Caſe ; which therefore 
is always as the Diameter or Radius of the Circle direaly, and 
the Square of the Periodical Time inverſely. 

7. Hence if the Central Force be as any Power (=) of the 
Diſtance (a) from the Center C, we have F = &" ; whence 

3 | 

PF; and therefore when » = o, we have P = ai, 
or the Periodical Time will be as the Square Root of the Di- 


fance. : 
8. If i, that is, if the Force be directly as the Di- 


ſtance, den wil P 2 A 2 =1 ; that is, the Periodi- 
cal Time cuill be given, or the ſame in Cirele. 
9. If == 2, that is, if the Force be directly as the Square 


of the Diſtance, then P = a—i = —; or the Periedical 

| az 

Time «will be as the Square Root of the Di RY 52 
A — inverſely as the 


10. If = — 1, that is, if the Force be 
Diſtance, then P 41 = a, or the Periodical Time will be 
directiy as the Diſtance from the Centre. 

11. If. =—2, or the Force be inverſely as the Square of 
the Diſtance, then P = a, or (ſquaring both Sides) P* = 
25, that is, The Square of the Periodical Time will be as the 
Cube of the Diftance from the Center. 


12. When 


IO 3 
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12. When the Central Force is given, Fr =1, and Pai, 


that is, the Periodical Time will be as the Square Root of the 
Diftances. v 

13. Since the Central Force is as — , and as PR we 
have PV = @ ; whence the Diſtance from the Centre is 
in the Compound Ratio of the Periodical Time and Velocity. 

14. Hence if the Diſtance be given, or a= 1, then the 
Periodical Time is inverſely as the Velocity, and the Velocity in- 
verſely as the Periodical Time. 

15. If the Velocity be given, or Vi, the Periodical 
Time will be directiy as the Diflance from the Centre. 

16. If the Periodical Time be given, the Velocity will be 
direftly as the Diſtance likewiſe. 

, put p = 3,1416; then p: P:: AE 
Sime of deſcribing AE. Again, as 15; 16,2 22 
AE'XP* 16,2 TE XP . | 

RI ge = the Diſtance deſcended by 
an heavy Body (in the Time of deſcribing AE) by 
the Force of Gravity. Laſtly, this Force of Gravity 


OS" 22 
— ) istothe Central Force ( as 1 to 
En- that is, as 16,2 P* to ap*, or as P* to o, 615 a. 


18. If now we ſuppoſe a Body revolving about the Centre 
of the Earth at the Diſtance of its Surface with a Centrifugal 
Force equal to that of Gravity; then P* = 0,615 4, and ſo 
P= 0,6154; and putting '« = 42000000 Feet in the 
Diameter of the Earth, we have P = 5083 Seconds, or 84 
43" ; which is the Time of Revolution to acquire a Centrifu- 

Force equal to that of Gravity at the Earth's Surface. 

ſequently, were the Earth to revolve in 84 43” inſtead of 
24 Hours, the Bodies on its Surface would loſe all their 
Weight, and be as liable to fall off as to abide thereon. 


I 
the Law of Gravitation at the Moon; for ſince the Diſtance 
of the Moon from the Earth's Centre is to the Diſtance of the 
Earth's Surface as 60 to 1; and ſince the Periodical Time at 
the Earth's Surface is 5084”, therefore the Periodical Time at 
the Moon may be found (by Art. 11.) thus; 1: 603 :: 
5083* 2 Pa; whence P 5083 x 60% = 2362000" = 
27,3 Days, the Periodical Time of the Moon, if moved by 

4 


* what has been demonſtrated we may diſcover 
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2 ; Power, as Gravity, d creofing with the Squares if 
the Diftances inverſely: And therefore ſince the Periodical Ting, 
thus found, is very nearly to the real Periodical Time of the 
Mo, it ſhews that Law takes Place between the Earth and Moon. 
This might alſo be ſhewn from the Time of the Moon's Revolu 
tion, but exe Proof is enough. I ſhall alſo hereafter ſhew, that 


this is the general Law of the whole Planetary Syſtem. 


20. Since we had Pr the Central Force, when 4 i 


given, the Force will be as Pg, that is, in equal Circles the 


i Forces will be as the Squares of the Velocities in- 
verſely. And therefore ſince in the Time of the Earth's Re- 
volution, wiz. 24 Hours, there are 684007; if we fay, a 
* 58400 :: 1: 289 nearly; that is, be Centrifugal 

under — Equator, . from the Earth's Rotation, is 1 
the Power ravity on its Enrface as 1 to 289 nearly. 

21. dy hs Tine of Revolution ofa Yrs 
Equator EQ, and in any Parallel of Latitude BG, is equi, 
the ifugal Forces are as the Diſtances E C, BA, from the 
Centre of Motion (by t. 16.) or, as Radius CB to the Co. 
fine A B of the Lat:tude. 

22. But in any Latitude B, the Centrifagal Force is not (a 
under the Equator) oppoſite to the whole Gravity, but only a 
Part thereof, which is to the Whole as the Co-fine of Lati- 
tude to the Radius. For continue out AB (the Direction of 
the Centrifugal Force) to D; and CB (in which Gravity a&) 
to F; from D let fall a Perpendicular to F, then will BD 

t the whole Centrifugal Force, and BF that Part of it 
which” acts directly againſt Gravity; but BF:BD:; AB: 
BC=EC. Therefor- on both theſe Accounts, the Centrifugal 
Force decreaſes from the Equator towards the Poles N and Sin 
the Proportion of the Squares of the Co- ſines of the Latitude. 

23. We proceed now to demonſtrate the true Figure of 
the Earth, which we ſhall find to be Spheroidical and not & ha 
ere _ \x 
the Conſequence of a Centrifugal Force. In to thi 
NS be the Axis of Rotation, BC a Column of fluid Pani- 


cles gravitating towards the Centre C, which (becauſe we T 
ſuppoſe the Parts of the Fluid every where quieſcent) will 

be of the ſame Weight with every other Column of Parti- 7 
cles CN, or CE. = CE=2,CN=6; CB=x, AB= 27 
= Sine of the Angle BCN; and ſappoſe the gravitating | 
Power to be every where as the Power = of the Diſtance * 
fram the Centre i that is, ſuppoſe the Power of Gravity at 8 


W 


At 
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(x) to be to that at B as CE” to C B”, then will the Gravity 


at B be SEED, 
24. Alſo the Centrifugal Force at E /) is to that at B as 
CEto AB (as we ſhew'd Air. 16.) But AB: CB;: 21 


— Radius; whence AB =. x CBS 32x; conſequently 
we have the Centrifagal Force at B equal to ==. 


25. But ſince this Force acts in the Direction B D, that 
Part which oppoſes Gravity is F B (as was ſhewn above) 


whence fince BD : FBR II:: UA:; A = w 
Centrifugal Force at B. which oppoſes Gravity. 

26 —— md of Gravity on a Particle at B will bs 

2 

„ impelling towards the Center C. Such a 
Particle will be repreſented by x, and therefore its Weight will 
— ns, and as this is the Fluxion of the 
whole Weight of the Column CB, the Fluent thereof 
LEAR vin be the Weight of the ſaid Co- 
a +1 
lumn of Particles C B. | 

27, If now we conſider the Column of Particles CE, 
which is of equal Weight, ſince in this Caſe the Angle N CE 
is a Right one, we have x = a, and —1 — cam 
the Weight of the Column CE will be Zz Er, 


——— 
therefore the Weight of a Column every where is equal to 
ha bow. ow (== —£=) therefore we 

2a+1 = +- 14 28 
have (by proper Reduction) 2g * ti —aÞ+l x fr5an—r 


To = rr ff 22 ＋ i for a general Equation. 
28, 


hence, putting 5 = e, we have 284 —— 
We . | a 
2g —nf—f*x an%1; and therefore a : I i 225 +1 2 


27 — rr : OE: CN, fois the Diameter of the 
Equator to the Axis of the Earth. 
— Hence, upon the H 

we have h in that Caſe 2g: 2g —f*: CE: CN. But the 

Gravity (g) is to the Centrifugal Force (/) under the Equa- 

tor, as 289 to 1 (per Art. 20.) Wherefore in thus 

CE: CN: 578: 577. 30. If 


of an uniform Gravity, 
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30. If the Rarth were to revolve in 84 43”, the Cen. 


Force would be equal to Gravity ¶ Art. 18. ) or g=f; 


and then CE:CN::2:1. If the Earth were to revolve 


quicker than that, the Particles would all fly off, and the Earth 
be reduced to a fingle Atom. 

31. If the Gravity be ſuppoſed rtional to the Di. 
1 then x1, and we have CE: CN; 


eee Earth were to re- 

Cs in 84/ 43”, or g=, then would CE be infinitely 

hes Cf. that is, CN would be nothing, or the 
Soheroid would then become a circular Plane. 

32. If Gravity be ſuppoſed inverſely as the Square of the 

» n and then we ſhall have 


2g ==> 1 2g + e :: CE: N:: 2g” 


:2g +/ =: 2g+f: 2g::579: 578. And ſince of 
e Hype, this laſt is found to be the only true 


= * Art. 19.) it follows that the Earth in its Chaotic « 

Fluid State, revolving about its Axis, muſt neceſſarily put on « 

Spheroidical Figure, having the Equatorial Diameter E Q , to 
. Ad as 579: 578. 

3. And this would be the Caſe were all the Circumſtance 
of the Hypotheſis the ſame in Nature as we have preſumed 
in the Theory; but ſince they are found to be otherwiſe, the 
Mathematical Theory (which gives only the true Sort of Figure, 
but not the true Figure itſelf) muſt be adapted to Nature, and 
the Figure which the Earth really has — from other 

les. For Bodies on the Rarth's Darface — 
ſuch Directions as paſs not through the Centre C (as has been 
ſuppoſed) any where but in the Equator or under the Poles 
Viz. at E and N. 

34. In order to find the true Proportion between E Q ard 
NS, Sir Jſaac Newton makes a Suppoſition they are as 101 
to 100, and then by a Method (too prolix to be here er- 
plain d, he finds the Gravity at E and N to be as 500 to 
501. Now ſuppoſing the Matter of the Earth uniform and 
at Reſt, the Weight of the Column of Particles EC will be 
to that of the Co Column NC in the Ratio of their Magnitudes 
101 to 100, and of their ſpecific Gravities 500 to 501 con- 
jointly, (See Arnot. LVIII. 10.) that is, as 505 to 501. 

35. Now 'tis plain if the Weight of each in the 
Column CE were divided into 505 equal Parts, : Centr 
Force, that fhould take off 4 d equal Parts, would 
leave the Weight of the Column EC equi to that of the 
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column NC, whence an Equilibrium muſt enſue between 
them. 

36. Whence our great Author makes thk Analogy: If a 
Centrifugal Force which is +4, of Gravity cauſes an of 
180 Part in the Altitude EC, a Centrifugal Force which is 
but 21 Part of Gravity can cauſe an Exceſs only of +3; Part 
of EC, Therefore the true Proportion between the Dia- 
meter of the Equator E Q, and the Earth's Axis NS, is that 
of 230 to 229. Whence, ſince the former is about 8000 
— it will exceed the latter by about 34 % Miles Engii6 
Meaſure. 

37. Whence, fince in an Equilibrium of Fluids communi- 
cating with each other the Altitudes are as the ſpecific Gra- 
vities inverſely, it follows that the Gravity at the Equator 
E is to that at the Pole N as 229 to 230; or a Body which 
under the Poles weighs 2 30 lb. will under the Equator weigh 
but 22916. | 

38. The Gravity increaſes from the Equator E towards the 
Pole N auth the Squares of the Sines of the Latitudes, For 
continue out CF to G, and draw G D perpendicular to AD; 
then if BD be the whole Centrifugal Force at the Equator, 
and BG the whole Dimunition of Gravity occaſion'd there by 
it; and ſince in the Latitude B the Centrifugal Force which 
acts directly againſt Gravity is reduced to FB, the Line FB 
will alſo aw. 4 the Diminution of Gravity in the Latitude 
B, and therefore the Difference G F will be the Increaſe of 
Gravity at B. And ſo (becauſe BG: G D:: GP: G F) we 
haye BG: GF:: (GB“: GD“ ::) BC“: Ac“ :: Radius 
Square : Square of the Sine of the Latitude :: Decreaſe at the 
Equator : the Increaſe at B. 

39. If we put the Diminution of Gravity at the Equator 
= 10000, then will the Gravities' at the Equator, London, 
and the Pole be as the Numbers 2290000, 2296124, 
2300000 ; therefore the Lengths of Pendulums vibrating Se- 
conds in each of thoſe Places will be in the ſame Proportion 
(by Annot. XXVIII. 13.) But 2296124: 2290000 :: 39, 2: 
39,1 =Inches of a Second Pendulum under the Equator, the 
ſame nearly as found by Obſervation. | 


Curvature (ſuppoſe Eh) in the former will be ſhorter than 
that in the latter, (ſuppoſe $.4;) and therefore if at E- 
quator the Angle E Ga, or the Arch E a, be equal to one De- 
gree, the Angle of one Degree Sdc at the Pole S will con- 
an a greater Arch cS, as is evident from the Di 

Whence it "appears that in this ſpheroidical Figure of the 
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Earth, the increaſe from the Equator to the Pole; 6 
that if in the uator a Degree conſiſts of 60 Miles, in the 


ſeveral Latitudes the Miles will be as below: 
Lat. @. ic, i”. 90*. 40. $0. . 


in a "+ 60. 59,5. 59,57. 59,67. 59,8. 59,93. 60,06. 
AS: 70*..  $0*. 90. 
is B. Der. $ 60,16. 60,235. 60,26. 


SCHOLLIUM. 

What has been ſaid hitherto, has been upon Suppoſition 
e- 
is reaſonable 8 m the Earth's having been or. 
givally in a fluid my) Os the hea vielt Matter ſablided fr 
according to the Laws o of Gravity : and therefore that the 
Earth is more denſe and compact the nearer we 
Centre, whence it muſt follow, that as i 
Number of Particles, there will be, on the Whole, a 

of Centrifugal F orce in in the Column E C, and ca 
ſequently a greater Exceſs in its Altitude above that 
than was before ſtated ; that is, E C will exceed N 
than in the Proportion of 230 to 229, which is 
to be ſtill more conſonant to 
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LECTURE III. 


Of the CenTrEs of MacniTupe, Mor rox, and 
GRAVIT Y. The Mrnop of finding the 
CxnTRE of GRAviTY in all Bopizs. The 
PfANOMENON of the DouBLE Cont and Cy- 
LINDER. Of the Common CENTRE of Gra- 
vity between two or more BopiEs; confider'd 
between the EARTH and Moon, the Sun and 
PLaneETS. The FUNDAMENTAL PRINCIPLE 

| of Mecnanics demonſtrated. The Impoſſibility 

of © PERPETUAL MoTion. The NaTurg 
ard Kin DS of Levers, BALAuczs, PuLLizs, 
the Axis in PzRITROCH10, IncLineD PLanE, 

Wzpor, and the Sckzw. Of Friction and 

FricTion-WHEELs. Of Compound Ma- 

cHINES, The THtoRyY of CLock-WorkK. 3 

new Onrtry, CoMETaRIUM, Cc. Of the 

MovemenT of Winp-Milis, WATER-MiLIs, 

Sulps, Sc. Of the MaxiMa and MiniMa 

in Mechanics. The Tarory of WHEEL- 

CAaRRIAGES af large. 


AVING conſidered the Nature of every 
Kind of Motion, with the Properties of 
weſhould have come immediately to treat of 
ie Mecxanicat! Powers or Machs, but 
tat ſomething ſtill remains to be premiſed thereto, 
ating to the Centres of Magnitude, of . 
nd of Fatah in Bodies, 
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Taz CenTarE of Macxirupz is that Point 
whichis equally diſtant from all the external Parts of 
the Body : And in Bodies that are uniform and ho- 
mogencal, it is the ſame with 

Tux CxxrTRE of MoTton, which is that Point 
which remains at Reſt, while all the other Part 
of the Body move about it: And this is again the 
ſame in uniform Bodies, of the fame Matter 
throughout, as 

Tur CENTRE of Gravity, which is that Point 
about which all the Parts of a Body do in any 
Situation exactly balance each other. 

Tais Centre of Gravity in Bodies is of the 


greateſt Conſequence to be well underſtood, as 


being the ſole Principle of all Mechanical Motions, 
The particular Properties hereof are as follow. 
(1.) If a Body be ſuſpended by this Point, as the 
Centre of Motion, it will remain at Reſt in any 
Poſition indifferently. (2.) If a Body be ſuſpended 
in any other Point, it can reſt only in two Poſi- 
tions, viz. when the ſaid Centre of Gravity is ex- 
actly above or below the Point of Suſpenſion. 
(3.) When the Centre of Gravity is ſupported, the 
whole Body is kept from falling. (4.) Becauſe 
this Point has a conſtant Endeavour to deſcend to 
the Centre of the Earth; therefore, (5.) When 
this Point is at Liberty to deſcend, the whole Body 
muſt alſo deſcend or fall, either by ſliding, roll- 
ing, or tumbling down. (6.) The Centre of Gra- 
vity in regular, uniform, and homogeneal Bodies, 


as Squares, Circles, Spheres, &c. is the middle 


Point in a Line connecting any two oppoſite 
” * 
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Points or Angles. (7.) In a Triangle it is in a 
Line drawn from any Angle biſecting the oppo- 
ſite Side, one Third of the Length diſtant from 
that Side or Baſe. (8.) It is alſo one Third of the 
Side diſtant from the Baſe of an hollow Cone. 
(9.) But in a ſolid Cone it is one Fourth of the Side 
diſtant from the Baſe, - (10.) In the Human Bo- 
dy, the Centre of Gravity is ſituated in that Part 
which is call'd the Pelvis, or in the Middle be- 
tween the Hips. 

HEN the Solution of ſeveral very curious 
Phenomena will be evident with the leaſt Atten- 
tion; as why ſome Bodies ſtand more firmly on 
their Baſes than others; why ſome ſtand firmly in 
an inclined Poſition; why ſome Bodies fall in one 
manner, ſome in another; why ſome may ſeem 
to riſe, while the Centre of Gravity really de- 
ſcends, as the rolling Cone, and Cylinder, Hence 
the Form of that particular Bucket which deſcends 
empty with the Mouth downwards, but is drawn 
up full with the Mouth upwards. Hence alſo it 
appears that a Waggon loaded with heavy Mat- 
ter, as Iron, Stone, Sc. will go ſafely on the Side 
of a Hill or riſing Ground, where a Load of Hay 
or Corn would be overturn'd. Again, we hence. 
ſee the Reaſon why no Man, ſtanding till, can 
move or ſtir, without firſt moving the Centre ß 
Gravity out of its Place; alſo, why we ſtand firm- 
ly, while the Centre of Gravity falls between, or 
on the Baſe Line of the Feet; and how neceſſa- 
nly we fall, when the Centre of Gravity falls on 


one Side or other of the ſame : With many other 
H Parti- 


Plate VII. 


Fig. 1. 
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Particulars, which naturally reſult from this Prin- 
"pF 2 


_(XXXV.) 1 That the Centre of Magnitude, of Motion, 
and of Gravity is the fame Point E in regular and homo- 
geheous Bodies, as the circular Area, or Square A B D E is 
evident ; becauſe an t Line as A D drawn t h wy 
ſaid Point and terminated by the Peripheries of thoſe 
has an equal Number of Particles on Side ; —— 
ſaid Point is Centre ef Magniude and Gravity, and conſe- 
quently of wiiform Motion in every ſuch Line, and there. 

of the whole Area, which is made up of them. 

2. But if a Body be not homogeneous but conſiſts of dif. 
Marer lp ſans Bir, the Centre of itude C 

the Centre of Gravity; thus ſuppoſe A BF a cir- 
Bicce/of Wood sn e round Pe e Lead 


— 
3. Rare upported, the Body vil 
59238 likewiſe, for ſince the Power of every Particle 

b rd, und al M in ds; If that 
one Point be _npheld, all the reſt muſt, as havin —— 

thereon by a neceſſary Connection of 

be If a Body be ſuſpended on any other Point C, j 
„ CC ET om X oats 66h 
two, wiz. when tn Conten of 


to 
deſcend, ee will eery the 1 till it came 
C 


5. If che Centre of Gravity in the Body ABD E gn- 
vitate on the Baſe AE in the Perpe niger CF, that Body 
—— the Point F fall 

middle Point between ; for ſince, were 
the Body ta move, the Point or Angle E would be the Cer 
tre of Motion, it follows, that in that Caſe the Centre 
of Gravity © muſt riſe in the Arch of a Circle from C to G, 
which it cannot do without ſome extraneous Force; and there 
fore when left to itſelf, the Body muſt ſtand firm. 

6. - ks hentai: next Figure, becauſe the Lin? 
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Ir two or more Bodies in Motion be 


together, as Chain- 


connected 


Sbot, &c. or any how depend 


2 
Y, Fig. z. 
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whence the Fluent of the latter, 
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AC(3):z BF («) : DB=: 


Fluxion of the W. 
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» Gvided by the Fluent of the former, wiz. 


"il give” for the Difance of the Point from B in the Lins 


viz, 
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_ But in a % Cone, whi tonfifls of an infinite Num. 
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on each other, they will have a Common Cenire of 
Gravity, which will be a Point in the Line join- 


"ofa Which has a Velocity equal to the Mean Velocity 
all the Particles in the Triangle DB E, and is therefore 


+ its Centre of Gravity. Conſequently the Centre 7 Gravity of 
282 : ew Triangh ABC, 5 Vertex B, 078 


Line dau rum the Angle B biſefi, Baſe AC. 
” 3 A is the Lade bf . bell os deter Cie 


is a Triangle, and Circles have the ſame Ratio as their Di- 
ameters, it follows that the Circle aubeſe Plane paſſes through 


the Cure of Gravity of the Cone it the. þ of the $ 
Nen aid Cone ny Leng W. 


Wr which therefore may be conſider d a; 
ſo many Weights, the Centre of Gravity may be found a: 
before; by putting B E A, BG = a; the circular Area 
BEE MA AG EY 5 e 3 


1 * =, e {rf he — | 


hy the Centre of Gra: 
e fn en the Vortex B, of the 
G, 4 Circltrallel to the Baſe. 
os 12. If ABC N regular Superficies, and ABEF ano 
has, fimilar thereta, their Difference will be FECD; and 
n be in the Points 
Ras „I. as is evident from what bas been ſnewn. Nos 
from Euc 4% Elements) we have FECD to ABEF as the 
Triangle F BD to the Trias ACF; but FBD; ACF 
FD: AF:: GH: HI; Wherefore if any two regular and 
fimilar Superficies or Solid e ther with their Centres of 
Gravity G, H, are given, the Centre” of Gravity I of theit 
Difference will be given alſo by the above Analogy. This 
WWW 


9 13. N ſuppoſe-A'B C G and BD E F were 
two ilar Cones, and their Ceacres of Gravity when bal 


4 E ing 
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ing the Centres, ſo fituated, that its Diſtance from 
the ſaid Centres will be reciprocally as the Quantity 
of Matter in each Body. 


a 
: 


| } 
or ſuperficial were c and a; but when ſolid, 4 and 5; if then 
we ſuppoſe the Cone D BE F cut off from the Cone ABCG, 
there will remain the Difference A DE CG, whoſe Centres 
of Gravity, when hollow and when ſolid, may be found as 
above; which let be in the Circles if and g I, at i and &. 
If now the truncated Part were made into 4 Bucket by fixing 
in a thin Bottom at AC, and ſuſpending it moveable in a 
Handle by Pins fix d between the ſaid Circles ei and g 46, 
on each Side, tis evident ſuch a Bucket when empty muſt G 
hang with its Mouth downwards ; and when full of Water, 
with the Mouth upwards; thus may ſuch a Bucket be appli- 
cable to divers Uſes, as being capable of filling, and empty- 
ing, and moving itſelf in different Forms, as the Bottom is 7 
hx'd in the wide or narrow End. | | 
14. The Centre of Gravity of a Parabola ABC, is found Plate VII. 
as in the Triangle and Cone; thus let BF =x, DE =y; Fig. 8. 
then will y x be the Fluxionary Weight, and y x x the Fluxion 
of the Momenta ; but from the Nature of the Curve we have 


Sr, whence y = x*x, and yxx = e, whoſe 
x 


Fluent 2 x * divided by 2 x* (the Fluent of x* + )will give + 
x = +BF for the Diſtance of the Centre of Gravity from the 
Vertex B in the Part DBE; and ſo 4 of BG is the Point in 
the Axis of the whole Parabola A BC, from the VertexB. 
15. The Phænomenon of the double Cone is eaſily ac- Fig. 9. 

counted for, from what we have ſaid of the Centre of 
Gravity. For let ABD be the common Baſe of the two 
Cones, its Centre C will be the Centre of Gravity of the 
Whole; therefore if D F be the Leg of a Ruler elevated to 
an Angle F DG, whoſe Sine FG is leſs then the Semidia- 
meter of the Cone CD, tis plain the Centre of Gravity C 
at the Pofition of the Cone in D is more diſtant from the 


Tu FZS * 2, „ K ana beetn reReaos 


% Centre of the Earth than in its Poſition between the Legs of 
beit BY the Ruler at F; and therefore it will deſcend (as on an in- 
— dined Plane CFE) from C to F, where it will ftop, as being 


ſupported on the Ends of the Ruler. 

| 16. Let ABE repreſent a Section of a Cylinder of Fig, 10. 
weil BY Wood biaſs'd on one Side with a cylindric Piece of Lead as 

10% i , this will bring the Centre of Gravity out of the Centre 

ing of Magnitude C to ſome Point G between C and B; let FH 


H 3 Wusxce, 
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Wurnen, ſince the Earth and Moon are to 
each other as about 4o to 1, and the Diſtance of 


be an inclined Plane, whoſe Biſe is FL. It is evident the 
Cylinder laid upon the Plane will no where reſt but there, 
where a Perpendicular to the Horizon F L paſſes through the 
Centre of Gravity G, and that Point of the Plane E in which 
the Cylinder touches it; and this in all Angles of Inclination 
of the Plane leſs than that whoſe Sine is equal to CG (the 
Radius being CD) will be in two Situations ABE D and 
abed, becauſe when the Cylinder moves, the Centre of Gra- 
vity ibing a Circle round the Centre of Magnitude C, 
this Circle will meet the Perpendicular in two Points G and g, 
ja each of which the Centre of Gravity being ſupported, the 
Cylinder will reſt. Therefore the Cylinder moves from E 
to e by the Deſcent of the Centre of Gravity from G to g, 
in rch of the Cycloĩd Gho. 

17. If the Cylinder ABE D inſiſting on the horizontal 
Line E L in. the Point E, has the Centre of Gravity G in the 
horizontal Diameter D B, it will gravitate in the Perpendicular 


ſo will in either Caſe bring it back to the Point e. 
18. In this Caſe the Angle of the Plane's Inclination HFL 
is equal to the Angle EC, or CeG, becauſe EL and FH 
are Tangents to the Cylinder in the Points E and e, and con- 
the Angles EC. EF. = two Right Angles = 
EFe+HEFL; therefore EC HFL. Hence it follows, 
that the Cylinder cannot aſcend on a Plane whoſe Inclination 
is greater then the Angle ECe, but on'a Plane of lefs In- 


clination it may; and there is a certain Inclination of the Plane 
on which the Aſcent will be a Maximum, but tis not worth 
while to inſiſt farther on ſo uſeleſs a Subject. 

19. ff DLME and FPQO repreſent two Waggon 
loaded, the former with heavy Matter, as Lon, Stone, &c. 
which hes low, and the former with a light Subſtance that 
riſes high, both on the Side of an Hill AB; 'tis evident the 
Centre of Gravity of the Load LM, in the Direction 
RI, which falls between the Wheels DE kee __ 
gon firm on the Side of the Hill, (by At. 5.) in 
other Load NPQO, where the Centre of K riſes 
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the Moon 60 Semidiameters of the Earth, the 
Diſtance of the common Centre of Gravity of the 
Earth and Moon will be found about 1854 Miles 
from the Earth's Surface; and it is this common 
Centre of Gravity that deſcribes the Annual Or- 
hit about the Sun, and not the Earth itſelf, as is 
commonly faid and thought. 

Ix like manner there is a common Centre of 
Gravity of the Sun and all the Planets which cir- 
culate about him; and were they all placed in a 
Right Line on one Side the Sun, then would the 
common Centre of Gravity of the whole Syſtem 
be diſtant from the Sun's Surface eight Tenths of 


his Semidiameter: And it is about this common 


Centre of Gravity, and not about the Sun, that not 
only all the Planets, but even the Sun itſelf, do 
conſtantly move (XXXVI.) 


Direction K H, which falling without the Baſe Line FG of 
the Wheels, muſt neceſſarily cauſe the W to overturn. 

20. For the ſame Reaſon a Man muſt fall when the Cen- 
tre of Gravity acts in a Direction falling without the Baſe- 
Line of the Feet; and tis by the artful adjuſting of this Point 
over the Rope that People can walk or fly thereon ; and that 
Tumblers and Equilibriſts perform ſuch Wonders. In fine, 
tis this fingle Principle that regulates every Kind of Motion, 
both Animal and Mechanical, and to which we are naturally 
prone to have a much ſtrifter Regard then we commonly 
think of; as would be evident were we nicely to conſider the 
Gate, Poſture and Configuration of the Body under the various 
Modes of Adding, vis. of Walking, Sitting, Riding, Stooping, 
] ing, Puig, Reaching, Striking, 

lar Manner 


. 
Wind- Mill, Crane, or 
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rie Ir two Bodies A and B be connefted Plate VI 


ther, by a Wire or Chain A B, they will each of them Fig. 11 


the other by their gravi on the Line AB; and alſo e- 


very Particle of that Line be affected with thoſe Gravities, 
: re Tus 
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Plate VII. 
Fig. 14. 


have 40 17 12 :2= AC; and fince a Seridiameter con- 
7 ö 


MECHANICS. 


Tur common Centre of Gravity of any Num- 
ber of Bodies being ſupported, none of thoſe Bo- 


or be carried downwards, but with an unequal Force, except 
one, on which the Force of each Body is equal; and fince 
we ſhew'd the Force of any Body A or B ariſes from its 
Quantity of Matter multiplied into its Velocity, tis evident, 
that one Particle muſt be ſo ſituated at C, that B: A:: v: V) :: 
AC:BC. Becauſe then we have BXV =AXxv = 
BXAC=AX BC. Or the Product of each Body into its 
Velocity is the fame at the Point C, but no other. 

2. The Point C is therefore call'd the Common Centre of 
Gravity of both the Bodies. If the Diſtance between the 
Centres of the Bodies be given, and the Magnitude of each, 
the Diſtance of the Point C from either may be thus found ; 
as B+A:B:AC+BC(=AB):AC. Let A repre- 
ſent the Earth, and B the Moon; then will A: B:: 40: 1, 
nearly; and ſince AB = 60 Semidiameters of the Earth; we 


tains about 4000 Miles, we have 2492 = 5854=AC, 


from whence- taking one Semidiameter AG == 4000, there 
will remain G C = 4854 Miles, for the Diſtance of the Point 
C from the Earth's Surface. 
- 3. Since the Earth and Moon aft on each other by At- 
traction, tis evident they muſt both revolve about the com- 
mon Centre of Gravity C; whence this Point C, and not the 
Centre of the Earth A is that which the Moon regards in her 
Periodical Revolutions, and where there no other Bodies in 
the Heavens but the Earth and Moen, this common Centre of 
Gravity C would be at Reſt, or a fix d Point. 
4. But fince the large Body of the Sun commands (by the 
fame Power of Attraction) the Earth and Moon to revolve 
about itſelf, it will follow that the Point C is that which muſt ' 
deſcribe the Circle (or Orbis Magnus) about the Sun; becauſe 
no other Point between A and B can keep always at the ſame 
Diſtance from the Sun, on Account of the mutual Revolu- 
tions of thoſe Bodies about that Point at the ſame time they 
are carried about the Sun. 
F. But to illuſtrate this Matter further, let 8 be the Sun, 
CDEF a Part of the annual Orbit; A and B the Earth 
and Moon in her Conjunction at C, in her Quadrature at P, 
in her Oppoſition at E, and in her laſt Quarter at F; ge 
yy w * 1c 
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dies can fall; which is the Reaſon of many very 
ſurpriſing Appearances in Nature, as that common 
Experiment of ſuſpending a Bucket of Water at the 
E of a Stick off the Table without falling; the 


Toy of the Man a ſawing, &c. 


{theſe Motions from © to F, "ti evident the Centre of — 
Earth deſcribes an irregular Curve A D A F; but the Cen- 8. 13. 
tre of the Moon, one much more ſo, as being at very un- 
equal Diſtances from the Sun 8, continually increaſing and 
decreaſing ; and that the Point C is that alone which is at 
an equal Diſtance at all Times, and therefore deſcribes the 
circular Orbit about the Sun, 

6. The Point C is that in which the Force of each Body 
A, and B, is exerted; and therefore every Action of that 
Point is the ſame as it would be if both the Bodies were there 
united in one; thus if A and B were two Chain-Shots, the 
Point C in the Chain, and no other, would ſtrike an Obſtacle 
N. 7009, or that of a Body equal to the Sum 

Aand B. | 

7. If therefore a Wire be inſerted in the Point C, and at 
the other End any Body D were affixed, the commen Centre 
of Gravity of all the three Bodies A, B, and D may be 
found as before; for let the Body C A+ B; then will 
C+D:D::CD:CE; or A+B+D:D:: CD: CE; 
and thus E will be the Point ſought. And in the ſame Man- 
ner the common Centre of Gravity in a Syſtem of any Num- 
ber of Bodies may be found. 

8. Hence the common Centre of Gravity of the Sun and 
Planets may be eafily found b pots . 15. 
Matter and Diſtances; thus let ABC repreſent the Sun's 
Body, and S its Centre. Now fince the Bulls and Diſtan- 
ces of the four firſt Planets, Mercury, Venus, the Earth and 

7, are very inconſiderable in regard of the Sun, they would 
not (if placed in the Right Line C G) remove the common 

of Gravity between the Sun and themſelves far from 
the Centre of the Sun, ſuppoſe to L. But when we come 
to 7upiter, his Bulk and Di give him a conſiderable 
Monentam, which will (if placed in the ſame Line CG) re- 
more the Centre of Gravity from L to I, a Point without 
tte of the Sun's Body. Laſtly, if we conſider Sa- 
en placed in the Line CG, with all the reſt; though his 
Qantity of Matter falls ſhort of, yet his Diſtance far ex- 


WE 


ſiderable 


Mrcnanics. 


Wr have now premiſed every thing neceſſary 
for underſtanding the Nature of thoſe Inſtruments 
which are commonly call'd MEcranicar 
Powers or Macxints: They are Six in Num- 
ber, as follow, viz: The Lever, the Pulley, the 
Wheel and Axle, the Inclined Plane, the Wedge, 
and the Screw. They are call'd Mechanica! 
Powers, becauſe they increaſe our Power of moy- 
ing or raiſing heavy Bodies, which are often 
unmanageable by any natural human Strength, 
not thus aſſiſted; and of two or more of theſe 
all other compound Inſtruments and Machines are 
contrived and compoſed. 

I. A LEVER is any inflexible Line, Rod, 


ceeds that of Jupiter, and therefore his Momentum will be con- 
h to bring the common Centre of Gravity 
from I to K, at ſuch a Diſtance CK from the Sun's Sur- 
face as is equal to g of the Sun's Semidiameter SC; or 
SC:CK::10;8. Now it is this Point K which is the fur d 
and immoveable Centre of the Syſtem, about which the Sun, 
as well as all the Planets continually move. But the Sun be- 
ing always | Tr it, and its Diſtance therefrom vary. 
ing with the different Poſitions of the Planets, the Motion 
of Sun about this common Centre K will be very ire 
and unequal; while that of the Planets, on account of 
ir great Diſtance, may be eſteem'd nearly uniform and cit 


If the two Bodies A and B move to or from each other 
fame Right Line A B, with Velocities proper to the! 
ities of Matter inverſely, the common Gente of Gn 
remain at Reſt, becauſe their Diſtances from 1 

t means be always in the ſame Ratio, wiz. of the! 
ly, which is the only thing that makes that 
of Gravity between them. But if bol 
move in two different Planes, either in the 
or different Directions, the Centre of Gravity C wow 
Right Line, and with a Velocity of the ſame do 
which the Bodies themſclves do move. 
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MECHANICS. 
U or Beam, moveable about or upon a fix*'d Point, 
i 


(call'd the Prop or Fulcrum); upon one End of 
which is the Weight to be raiſed, at the other 
End is the Power applied to raiſe it, as the Hand, 
&c, Since (as we have before proved) the Mo- 
nentums of the Weight,” and Power, are as the 


1 Quantities of Matter in each multiplied by their re- 
F ſpeftive Celerities ; and the Celerities are as the Di- 
4 fances from the Centre of Motion, and alſo as the 
P Spaces paſs'd through in a perpendicular Direction 
# in the ſame Time; it mult follow, that there will 


be an Equilibrium between the Weight and Power, 
when they are to each other reciprocally as the Di- 
ſtances from the Centre, or as the Celerities of the 
Motions, or as the perpendicular Aſcent or Deſcent 


BS. 


Un- 

rity in the ſame Time; and this univerſally in all Me- 
ppl chanical Powers whatſoever, which is therefore the 
<4 fundamental Principle of all Mechanics (XXXVII.) 
” XVII) 1. The Nature of this Propoſition being not 
24 underſtood by Smatterers in Mechanics, gave them Occaſion 
I. to imagine the Poſſibility of a Perpetual Motion from one Part 
+ of of it, which they did not ſee was utterly impoſſible from an- 
| cit- other Part of it. 
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Balls C, D, E, F, then upon turning the Wheel, they 


K DER 
Lei 


the 

ll F, and ſo will determine the Wheel to move round; 
fnce this muſt be the Caſe of all the Balls E and C that 
to the Situation E, C, the Wheel muſt neceſſarily 


v2 
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Plate V. 
Fig. 9. 


Mrcnanics. 

To illuſtrate this, let AB be the Lever fup- 
poſed without Weight, and F its Fulcrum ot 
Prop; let W be a Weight ſuſpended from the 
End A, and P the Power applied to the other 
End B. Then let the Lever be moved into the 
Situation CD, *tis evident the Velocities of the 
Points A and B will be as the Arches AC and 
BD deſcribed in the ſame Time: Alſo the per. 
pendicular Diſtances, through which the Weight 
W and Power P move in the ſame Time, are 
CE and GD, which are as the Arches A C and 
BD; and theſe are as the Radii C F and DF, 
which are equal to AF and BF. Therefore in 
order to produce an Equilibrium, it muſt be W. 


tinually, becauſe it will continually bring two Balls into that 
Sicuati 


3. Tis true, were there but two Balls E and C, the Bal 
C would by this Contrivance move the Wheel one Quarte 
round, viz. while it deſcended from C to D; and by ths 
Means would raiſe the Ball E to F; and there they will 2 
bide in the Situation DF; but, ſay the Gentlemen of th 
Perſuaſion, two other Balls ſucceeding to the Places E and C, 
will fill keep the Wheel moving. _—Yes, ſo they would, i 
the Balls at D and E could be taken away the Moment the) 
came into that Poſition, not elſe; for the Balls C and E, i 


order to move the Wheel, muſt move the Balls D and F, 


which have equal Momenta, (as being at the ſame Diſtance 


| each from the Centre, as are the other two reſpeRtively) whid 


to or from the Centre of the Earth. Since, therefore, u 
the Wheel, the Bodies are all 2 and the 
which they deſcend 


. Spaces through and aſcnd 
and above the Horizontal Line or Diameter AC, * 
equal; it follows, that an Equilibrium muſt neceſſarily en: 


Thus ſo far is this Wheel from producing a Perpetual Mo 
AC 


tion, that it admits of none at all. 


— & 
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MEecHANICS: 


i\C=PxBD, or WxCE=PxDG, or W x 
i\F=PxBEF: Conſequently, P: W:: AC: BD: 
CE: DG:: AF: BF. Note, that in eſtimating 
te Effects of Machines, we regard only the Di- 


fances . of the Power or Weight which are perpen- 


cular to the Lines of Direction in which thoſe 
Powers act, as F B, or FM, which are perpen- 
ticular to the Direct ions PB and LM. 

Tux Lever is of five Kinds. (1.) The com- 
non Sort, where the Prop is between the Weight 
and the Power, but neareſt the former. (2.) When 
the Prop is at one End, the Power applied at the 
cher, and the Weight between both. (3.) When 
the Prop is at one End, the Weight at the other, 
ud the Power applied between both. (4.) The 
tended Lever, which differs only in Form from 
the firſt Sort. (5.) When the Prop is placed at 
a equal Diſtance between the Weight and the 
Power, and this is commonly call'd 5 

Tux BaLance, whoſe Uſe is, with a Pair of 
Scales,” to bring one Body to an equal Weight 
vith another that is a Standard, The Propor- 
tional Balance is without Scales, and is uſed for 
diſcovering or aſſigning any Proportion of Weight 
in Bodies. The Falſe Balance makes Bodies of 
unequal Quantities of Matter appear to have e- 
qual Weight. Laſtly, the Statera, or Roman 


uſeful Kind of univerſal Balance, the Structure 
ind Uſe whereof will be easy Wenn 
be above Principles | 
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Balance,” commonly call'd the Steelyard; is a moſt 


II. Tus 


MECHANICS. 


II. Tus PULLEY is an Inſtrument well 
known; if ſingle, it is reduced to the Lever of 
the fifth Sort, or Balance, and fo affords no Ad- 
vantage in raiſing Weights. If two or more be 
combined together in the common Way, Then 
the Potver is to the Weight as Unity to the Number 
of Ropes which goes to the Pulleys of the lower Box. 
But there are different Ways of applying Pulleys, 
whoſe Advaniage ar Power will be obvious from 
8 View of the Structure of the ſeveral Sort 
of Tackles, andthe Experiments with them. 
III. Tux WHEEL and AXLE (com- 
monly call'd the Axis in Peritrochio) is the third 
Mechanical Power. We eaſily ſee by its Make 
it is reducible to a Lever of the firſt Sort; and 
that therefore the Power is to the eight, as the 
Diameter of the Arle to the Diameter of the Whel 
in an Eguilibrium in this Machine. 
IV. Tus INCLINED PLANE is the 
fourth Mechanical Power, and from a due Con- 
ſideration of it, it will appear, that, for an gui. 
mee the Power mf be to the Weight, as the 
Height of the Plane to the Length. 
V. Taz WEDGE. is only a double Inclived 
Plane, intended to ſeparate the Parts of Wood, 
c. which ſtrongly cohere together; whence, in 
the common Form of it, the Power will be . 
the Reftayce 10 be overcome, & boif the W! 
of the Wedge to the Length thereof. A 
VI. Tas SCREW is che laſt mention d 
Mechanical Power, whoſe Uſe is both for I 
fure and raiſing of Weights, but chiefly the for 
mer. 
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MECHANICS. III 


mer. The Power is to the Weight, as the Vele- 
city of the Weight to the Velocity of the Power, 
that is, as the Diſtance between two Threads of the 
Screw to the Circumference of @ Circle deſcribed by 
le Power (NXNVUL) x 


VI) 1. N * | & the Demonſtration of the 
Fundamental' Principle of 


Mechanics, - as deliver'd in the 
Lectures, is moſt natural and perſpicuous, and | 


| „ and eakly reſults 
from what has been faid of the Momentum of Bodies and their 
common Centre of Gravity: Yet as Sir 1/aac Newton has de- 
wonſtrated the ſame Thing in a different and moſt extenfive 
Manner, Which alfo is the Conſequence of 2 different Prin- 
aple, viz. the Compoſition and Reſolution of: Forces and Ratios, 
e eee 65 e e aA ales to 
z follows. © 2 1 
2. Su two Weights A, P, appended by the Strings pl. VIII. 
MA, ** the Ends of Radi OM, ON, . Fig. 5. 
ſung from the Ce: r O of any Wheel, in a State of Equi- 
litrum ; thoſe Weights will be to each other reciprocally as 
OL to OK, chat is, A: P:: OL: OK, or as che neareſt 
Diſtances of their Lines of Direction from the Centre reci- 


procally, 

3. For on the Centre O with the Radius OI. 
Arch cutting the Thread MA in D, and draw 
contmue out to E, to which draw AE 2 

AE DC. Now 
i icular, to each 8 
not 


* 


f 


i 


4 
KL 


EA 


Ta 


SEE 
Fe 


& 
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MECHaAaNics. 


Wr have here conſider'd the Action or FF. 
feft of each of theſe Machines, as they would 


milar Triangles AED and DOK, we have AD: AE::D0 

(STO: O; therefore A: POL: OK. 
6. If the Weight p, (equal to P) ſuſpended by the String 
time in part reſt upon the inclined 


n a 
the Horizon, and HG through the Point N 
ren the Tenſion of the String 
N be to 

by 


them 
and 


which is reſolvable into the two For- 


7+ Let the Force of p to move the Wheel (as ſupported on 
the Plane be call'd x. Then P: x'::pH;ipNz ud 


„ 

Equation, x x fHx OL = Ax OK x N; therefore 4: 
x::pHx OL: pN x OK, Bat here tis to be obſerved that 
as the String P N is chang'd into the Poſition p N, its nearet 
Diſtance O L will become OR, ſo that the Analogy between 
A and x corrected will be A: x :: pHx OR: pN x OL 
8. From what is demonſtrated it follows (I.) That the 
Line KO L, isa Levzsz, whoſe Power is always expreß d 


by the Ratio SK. () That de Lines MOL, MOV, 


DO L, are alſo Levers of equal Force, becauſe the newel 
Diſtance of their Lines of Direction from the Centre O ig the 
fame in all. (3.) Whenever the Lever K L is moved, the 
Velocity of the Points K and L will be jonal to the 
Diſtances from the Centre K O and OL. (4.) Therefore the 


Velocities alſo, and 1 Spaces paſs d through by 
the Bodies A and P, will — the fad Dilace 
by Since P: A :: rene 

in any Proportion leſs then the Weight A, if its Diſtance 
front the Centre of Motion OL be iroche fame Proper 
2 * anſwer 
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MECHANICS. 


ahſwer to the Strictneſs of the Mathematical 
Theory, were there no fuch thing as Friction or 


ter than the Diſtance of the Weight KO, and yet its 
Force or Momentum ſhall be equal to that of the Weight A. 
Whence the Nature of a Lever for increaſing a Power ſuffi. 
ciently appears. 

10. If the Diſtances from the Centre OK OL; then 
will the Lever become a common Balance, becauſe then, in 
order to an Equilibrium, the two Bodies A and P muſt have 
equal Weight. 

11, If the Arms of the Balance KO and OL differ but 
a very little in Length, there will be the ſame Difference in 
the Weights A P. Whence if OK:OL 31: 32 :: 
P: A; and therefore if A is an Averdupois Pound, P will 
want + an Ounce of it and yet be in Eguilibrio. Hence the 
Nature of a Falſe Balance is evident; and in order to detect 
it we need only interchange the Weights, for then, in order 
© an Equilibrium, we muſt have KO:OL:: (31: 32 ::) 
32: 33 r; but of this there wants 2 4; half Ounces, which 
will render the Fraud very notorious: | 

12. The Arms of a Balance being nicely equated in 
Weight and Length, and divided into an equal Number of 
equal Parts, becomes the Proportional Balance to be uſed with- 
out Scales. For any two Bodies hanging on the Arms of this 
Balance in Fquilibrie, will have the „ bond, of their 
Weights expreſs'd by the Numbers at the Diviſions (whence 
they hang) alternately. 


13. If AC the ſhorter Arm of a Balance be made equal Pl. VIII. 
Weight to CE the longer Arm, by the Addition of the Fig. 3. 


A, ſo that the whole AE may be nicely equipoiſed 
on the Centre of Motion C, it then becomes the Statera or 
STEEL-YARD in common Uſe, For if B be taken as a fix d 
Point from whence to hang any Weight W, and P be any 
conſtant Weight, which by moving backwards and forwards 
on the longer Arm CE, comes to a Point D of the Eguili- 
bum; then will P: W:: CB: CD; but becauſe P and 

Þ are given Quantities, or always the ſame, therefore W 
will always be as CD. . Conſequently if the Arm CE be 
divided into Parts each equal to CB, and number'd; the 


Number at which P hangs will always ſhew how many times 
Ps contain'd in W, and thence its Weight will be known, . _ 
14 If ADBE be a Pulley, upon which hang the Weights 
P,W; then ſince the neareſt Diſtances of the Strings AW 
ad BP, from the Centre of Motion C, are AC and BC, pig. 4. 
I rubbing 


Pl. VIII. 
Fig. 5. 


Fig. 6, 7. 


MrchaANics. 


rubbing of Parts which move upon each othet, 
by which means one Third Part of the Effect of 


the Pulley will be reduced to the Lever or Balance A B wich 
2 to its Power; and from thence it appears that ſince 
AC=BC, we ſhall always have P W for an Equllibrizn; 
and therefore no Advantage in raiſing a Weight, &c. can be 
had from a fingle Pulley. 

15. In a Combination of two Pullies AB and DFEG, 
the Vow is doubled ; for the Pulley DFEG is reducible 
to the Lever E D, which muſt be conſider'd as fix'd in the 
Point E to the immoveable String HE; and the Power act. 
ing at D is equal to P, and the Weight W is ſuſtain'd from 
the Centre C of the Pulley, but P:W:: CE: DE; there. 
fore ſince DE=2CE, tis WS 2z P, or PS IW. 
16. The Force of the PuLLits may alſo be eaſily ſhewn 
by comparing the Velocities of the Power and Weight ; for 
tis evident, if the Weight W be raiſed one Inch, each String 
HE, BD, will be ſhorten'd one Inch, and conſequently the 
String AP will be lengthen'd #:vo Inches, and fo P will pab 
through twice the Space that W does, in the ſame Time, 
whence its Velocity will be twice as great, and therefore i 
will be equipollent to a Body W of twice its Weight. 

17. In the two other Forms of Pullies tis evident the 
Power P is to the Weight W as Unity or 1 to the Number of 
Ropes going to the lower Pullies, becauſe if the Weight be 
ras'd one lach, each Rope belonging to the lower Pullies wil 
be ſhorten'd one Inch; all which will go into the Rope to 
which the Power P is applied, which therefore muſt deſcend 
through ſo many Inches in the ſame Time. Conſequently the 
Tackle of Pullies in the Form of Fig. 6. will increaſe the 
Power five Times; and that of Fig. 7. will increaſe it iv 
Times. 

18. In the Diſpoſition of Pullies according to Fig, 8. /ti 
plain, ſince each Pulley has a fix d Rope, it muſt be conſider d 
as a Lever of the ſecond Sort, and fo will double the Power 
of the foregoing Pulley, and ſo four Pullies will increaſe the 
Power fixteen Times. 

19. Though the laſt mentian'd Form be of the greatel 
Force from the ſame Number of Pulli es; yet if we confidet 
the Simplicity, Force, and Conveniency of a Tackle of Pul- 
lies all together, none is ſuperior to that in the Form of Fig. 9. 
where the up Pulley is fix d, and each has a Rope an- 


nex d to the Weight; its Power is therefore thus 


the 


7 
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wien the Weight W is raiſed one Inch, the Rope AB will 
be lengthen'd as much, and ſo the Pulley C will deſcend one 
uch, by which means the Rope CD will be lengthen'd two 
" BY Inches, and one by the Riſing of the Weight W; where- 

fore the Pulley E will deſcend three Inches; and thus the 
1 WHY Rope EP will be lengthen'd fix Inches by that means vir. 
three on each Side) alſo the Riſing of the Weight will cauſe 
it to lengthen one Inch more; ſo that the Power P goes 
through ſeven Inches while the Weight W riſes one; there- 
TS £2 OI EN IININR 


Aris A will be?to the Power P, which keeps it in Equilibrio, 
werſely as their Velocities ; but the Velocities are as the 
Crcumferences of the Wheel and Axle; which again are as 


. their Diameters or Semidiamkters, that is, as their Diſtances 

„bn the Centre of Motion. If the Spokes or Handles 

* 5 CH, I, K, &c. be added, the Power of the Machine is 
er ented in Proportion to their Lengths. 

21, That the wat LAS is — Power 

9 WY :3pears ſuffeiently in its diminiſhing” the Weight of a Body 

den it in regard to the Power which holds it in Equili- 


rio, Let A be a Body ſuſtain'd on the Inclined Plane BD; 
rom the Centre C, draw C F perpendicular to the Horizon 
of Baſe DC; and CE perpendicular to the Plane, then CF 


body A, which is reſolvable into the two Forces CE and 
EF; but the Fotce CE being perpendicular to the Plane 
atts wholly upon it, and is equally re- acted on or ſuſtain'd by 


— tte Plane ; the other Force E F, being parallel to the Plane; 
„dt by which the Body deſcends, or is kept from de- 
he kending by an equal Power acting in a contraty Direction. 
Thetefore the whole Weight of the Body is to the Power 
(ed keeps it in Egiilibrio on the Plane as CF to FE, or 
h uſe the Triangles CF E and BDC are ſimilar) as BD 
. „ Be, that is, as the Length of the Plane to its Height, 
% Was more 1 ſhewn in A#nor. XXVIII. 1, 2. 
. 2 The Power of the We ven AC BH is evident from Fig. tt. 
. „ <nfiſting of two equal Inclined Planes AHC and BHC; 
h vi i chiefly of uſe to ſeparate the adhering Parts of Wood, 
e 


12 Plane; 


vill repreſent the whole Weight or Force of Gravity of the 
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de Machine is, at a Medium, deſtroy'd, as is 
evident by an Experiment of the Inclined 


* 


20. The Wurz and Axl is a Mechanical Power upon Pl. VIlt. 
the fame Principle; for the Weight W hanging from the Fig. 10. 
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Pl. VIII. 
Fig. 12. 


Plate. 
Fig. 1. 
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Plane. And farther, concerning Friction we are 
to obſerve, that it is not proportional to the 


and ſince the Power of Coheſion in Wood is every where 
variable and uncertain, tis evident there can be no regular 
Calculation of the actual Effect of the Wedge; but if 
ſuppoſe the Power of Coheſion in the Wood ADEB to be 
uniform, or to make every where an equal Reſiſtance to the 
Wedge ABC, dividing its Parts AF and BG, then the 
Power of the Wedge would be to the Reſiſtance of the 
Wood, as their Velocities inverſely, that is, as the Spaces 
moved through in the ſame Time, that is, as the Height if 
the Wedge H C to half its Width AH. | 

23. In the Scxew AB, ſuppoſe the Diſtance of the 
Spiral Threads 4; of an Inch, and the Length of the 
Lever FG=16, Inches, then will the Circles deſcribed by 
the Hand at F be = 16,5 x 6,3 = 103, 9, or 104 Inches near- 
ly, that is, 1040 Tenths of an Inch; whence the Velocity 
of the Power is to that of the Weight, as 1040 to 1 ; there- 
fore the Screw is a great Mechanical Power, either for raiſing 
Weights or Preſſure, even though we allow the greateſt Pan 
for Friction. 

School u. 

24. Having treated of the Simple Perdulum in the preceding Le- 
cture, and of the Nature of the Lever in this; I ſhall here let 
the Reader ſee how nearly theſe two Inſtruments are allied, 
or rather ſhew him that the Lever is in reality nothing but 2 
Compound Pendulum; from whence many Particulars concerning 
the Properties of each, not hitherto mention'd, will occur 
worthy of Qbſervation. | 


IX. 25. Let CD be a fine Rod or Wire (whoſe Weight is inconſ- 


derable) and moveable about the Point C. If A and B be two 
Bodies (of the ſame Kind) fix d at any Diſtance Ca, C on 
the Rod ; and then the Rod permitted to deſcend freely ; the 
Bodies A and B will begin their Motions with Velocities pro- 
rtional to Ca and C, and ſo their reſpective Momenta will 
Ax C and BX C, in the Points a and 6 (by Am. 
XXXVIII.) | | 
26. Now if A: B:: : ma, than will A x am = Bx6bn; 
and conſequently the Point n will be the common Centre of 
Gravity between the Bodies A and B (by Arnot. XXXV,) 
Wherefore ſince the Velocity of the Point mr is as Cm, its 


Momuntum will be as Cm x ATB; and from the Nature of 
the common Centre of Gravity, we have A x Ca Fc 
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AxCa+BxCb _ 


Che Ca x AFB; and therefore 


REC 


I17 


Cm; or by putting Ca= a, CS b, and Cm=4; then 


= 2d. Suppoſe the Moment the Rod C D began 
to deſcend, the Bodies A and B were to be diſengaged from 
it in ſuch a Manner as to deſcend upon it freely ; - then will 
they deſcend (not in the Curves ap and bg, but) in the Tan- 
gents ac and & 4, deſcribing the Spaces ac, 5 d, which will 
be as the Inceptive Velocities Ca, C6 ; and of courſe when 
the Rod comes into the Situation C 4, the Bodies will be at 
cand 4; it being in this Caſe Ca: CG :: 420: 4 :: Cc: 
Cd. And mx will be the Line deſcribed by the common 
Centre of Gravity. ' 

27. At c and 4, let us ſuppoſe the Bodies again fix d to the 
Rod, they will then conſtitute a Compound Pendulum, which 
will now vibrate forwards and backwards through the Angle 
r, the Body A deſcribing the Arch ces, and B the Arch 
(fr, and the common Centre of Gravity » the Arch of, 
As this Pendulum vibrates,the Velocities of the Bodies will be 
every where as their Diſtances, and greateſt of all in the Per- 


pendicular Situation Ce: Where the Velocities of the 


Points e, o, f, may ſtill be repreſented by a, d, and 6. 


28. Now this Compound Pendulum is ĩſochronous to ſi.e. vibrates Plate IX. 


in the fame Time with) ſome ſimple Pendulum of a determi- 
nate Length PQ. If then in the Compound Pendulum Cd there 
be taken Cx = PQ, the Point & is call'd the Centre of 


Oſcillation in this Compound Pendulum; for if the Bodies A and 


B were there fix'd, the Times of Vibration would be the 
ame then as now : To determine this Point therefore, is to 
determine the Time of Vibration in any Compound Pendulum 
whatſoever, Ss 4 
29. In order to this ; let us once more ſuppoſe the Moment 
the Bodies A and B come to the Points e and V in the Perpendi- 
cular, they were diſengaged from the Rod, and were to aſ- 
cend at the End of a String ſeparately, with the Velocities 
they had acquired by their Deſcent in the Points e and 7. 
Then the Altitudes i g and 45, to which they will aſcend a- 
dove tho Horizontal Line e# and fb, will be as the Squares of 
the Velocities at e and /; that is, as a@ and bb ; as is evident 
from what has been elſewhere ſhewn ( Annotat. XXVI. 2, 3.) 
30. The Bodies A and B will in this Caſe arrive to the 
Points g and þ before their Motion will be deſtroy'd. And 'tis 
plain that e g is leſs than ec or es, becauſe the Body A is re- 
tarded in coming from C to c by the Body B. Alſo h is 
Feater than 4 / or fr, becauſe - has its Motion. * 
3 "4 <1 £09 3 , a y 
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Fig. 2. 


BX. Hence Aaa — Aax = Bbb —Bbx; and ſo 
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by the Body A. And as when in paſſing from 4 to /, the 
icular Spaces deſcended thro' are as the Velocities 
gy, and the Momenta as the Velocities and Maſſes of 
Matter conjointly; ſo on the other Side, in paſſing from f 
and e toh and g, the perpendicular Spaces aſcended through 
are as the Squares of the initial Velocities, the Momenta will 
be as the Maſſes of Matter, and thoſe perpendicular Spaces 
conjointly; that is, as Aga and Bbb. 

31. Now in all Cafes, the Sum of the Momenta divided by the 
Sum of the Maſſes gives a Quotient expreſſing the Velocity, 
or Aſcent or R—_ the Centre of Gravity. (See Art. 26.) 
Therefore = 1 d = the Aſcent of the Centre of 
Gravity ; for the Momentum of this Centre of Gravity is on 
both Sides the Perpendicular C/ the ſame at equal Diſtances, 
and therefore it will always aſcend or deſcend through the 
ſame perpendicular Heights. | 

32. Having thus obtain'd the Expreſſion of the Deſcent of 
the Centre of Gravity, we have that for the Centre x of 
2 3 gas for we have As C: Cx :: d: 

aa , Acax + Bbox __- c i 

A+B * TBT W 
of Oſcillation. But the Deſcent is equal to the Aſcent; for the 
Point x is actuated and moved in the ſame Manner as the Body 
A, which in one Oſcillation deſcends and aſcends through 
equal perpendicular Spaces, and thoſe Spaces are always as the 
Squares of the Velocities in the loweſt Point ; and therefore 


2 the Point x, it will be as Cx *=xx. Whence we have 
aax + Bbbx Aaa-+Bbb __ 
2 Aff = 
=Cx, the Diſtance of the Centre of Oſcillation from 
Centre of Motion. 


33. Becauſe (in Art. 26.) wehad 5B. — 4; if we ſub- 
—_ en - uivalent for 4 in the above Equation, we have 
= BB ; and therefore A a a — B33 —=Aax+ 


x 


As: BB :: 3 — K : x—a; that is, Ax CS: BX C4 
x4; xc. From whence it appears, that the Momenta of the 
Bedies, or their Poxver to move the Pendulum, are inverſely 
freportional to their Diftance from this Centre; which is the 
true Definition of the Centre of Oſcillation. 

34. Therefore when A: B:: 5: a, and ſo Aa=Bb; the 


allob—x=x—a, orxd=xc; or the Centre of Ofcil- 


lation would biſect the Diſtance between the Bodies A and 7. 


ö 
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35. If a e, or the Body A be removed to the Centre C, 


B55 


chen A == o, and A are hg nee r =6, that is, 


the Inſtrument then becomes a ſimple Pendulum C4. | 

36. If the Bodies A and B are not placed both on one Rod, Plate IX, 
but on two Rods Cc and C, making an Angle c C4, being Fig. 3. 
united in the Angle C. Then theſe Rods ſuſpended, on the 
Angle C will be the ſame Compound Pendulum as before, and 
the Centres of Gravity and Oſcillation 2 and x, when the 
Bodies are at reſt, will be both in the Perpendicular C x, as 
in the other Caſe, = 9 by the 3 —_— VIZ. 

_—, Aa + Bs, Az ＋B 
Ca TF Ca=ses= 1 And 
it will ofcillate ia the ſame Time with the ſimple Pendulum 
PQ, when Cx = PQ. 

37. If the Body A be ſuppoſed removed on the other Side 
the Line E D, its Diſtance, Cr = a, is now negative, or it 
3 —2 in the * A "7 thus 4 
— AA ＋ 33 4 4 

TB 3 ap "_- * BY becauſe — a x — 4 
Saag. Hence in this Caſe tis very obvious that the Com- 
pound Pendulum is now become a Lever, whoſe Fulcrum is the 
Point C; and A may be conſider'd as a Weight to be moved 
by the Power B. And hence becauſe when Bo is greater 
than A a, 4 will remain affirmative, therefore x the Centre of 
Gravity will be in the Part C 4, and fo will cauſe B to pre- 
ponderate. 

38. On the contrary, if A @ be greater than B5, then will {be 
negative, or the Centre of Gravity u will be in the Arm Cr, 
and cauſe the Weight A to deſcend. But when Aa= B, 


0 . 
then — Aa ＋ Bb = 0, ave x that is, # or 


the Centre of Gravity will fall upon the Point C, and produce 
an Equilibrium; and A: B:: 5: ai Cd: Cr. As was 
mm knnry to be the Property of the Lever. (See Af. 
) 2 | 
1 r 
— 1 | 8 
——— tis plain, in caſe of an Equilibrium where 


Aa BI we have x = 2< 3-22 — Infinite; forfince 
0 
the Lever in this Caſe has no Motion, it can only be iſochro- 
nous to a ſimple Pendulum of an infinite Length, whoſe Times 
of Vibration are infinitely great, and its Motions, of courſe, 
not ſenſible, _ 
14 It 
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Plate IX. 
Fig. 4. 


Fig. 5. 


Caſe. 
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40. It is farther evident, that the Centres of Oſcillation and 
Gravity are both on the ſame Side of the Centre of Motion C; 
and that when Bo is greater than A a, the Centre of Oſcilla- 
tion will be ſomewhere on the Side of Bin the Line C con- 
tinued out; if B&S exceeds A but a little, it will be at a 
great Diſtance, as at ; if the Exceſs be greater, it will be 
nearer, asatp. If it be very great, the Centres will be very 
near as at 0, and when Bb is infinite with reſpect to A a, then 
the ſaid Centre will be in the Centre of the Body B. 

41. Let the Lever c C 4 be in Equilibrio with the Weights A 
and B; and let it be required to raiie the Weight A from c to n, 
by the Power B; then if B & be ever ſo little greater than A. 
it wall deſcend, till the Lever comes to the Situation n, as re- 
quired. The whole Action of the Machine conſiſts in raiſing 
the given Weight A to a given Height H, ina given Time; 
and this Effect of the Machine will (ceteris faribas) be 

r as the Time is leſs. But the Time is the Time of 

If the Vibration of the Lever ; and the Times of Vibrations 
are lefs as the Intenſity of the Power B is increaſed, while its 
Diſtance continues the ſame, becauſe the Diſtance of the Cen- 
tre of Oſcillation is diminiſhed. 


42.Now putting A = Body to be raiſed, H = Height, and 
T = Time, then == E = the Effet, or Intenſity of 


the Power B; whence AH = ET = whole Action of the 
Machine; and therefore when E T is leaſt of all, the Ma. 
chine will be in its greateſt Perfection; becauſe as E increaſes 
T will decreaſe, and though it be not in the ſame Proportion, 
yet it will cauſe that E T will become a Minimum at a certain 
Limit ; as will be evident by the following Example: 

43.Suppoſe A = 100/74, and B = 1046; and if Cc: C4 
10: 100; then there will be an Eguilibrium, in which. Caſe 
T will be infinite, and therefore alſo 'T E, and conſequently 
cannot be expreſs d in Numbers. ' | | 

SÞ  Aaa+PBbb n1coo+1100 _ 

Kn. Bb — 100+ 110 © 
— . 120 = x, the Diſtance of the Centre of Oſcillation, 
the Square Root of which 10,95 will be proportional to the 
Time (T) of Vibration, (ſee Aunotat. XXIX.) This mul- 


tiplied by E = 11, the Intenſity of the Power, gives 120,43 
for the Expreſſion of the Action of the Lever in this particular 


45. If B = 15 /b, then, as before, we ſhall find x = 32, 
whoſe Square Root 5,66 x 15 (TX E . 
- ; F r, 
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Quantity of Surface, but to the Weight of the in- 


cumbent Part; as we ſhall alſo ſhew by Experi- 
ment (XXXIX.). | | 


Lever, whick is now leſs than before, Again, ſuppoſe B or 
= 2016, then we ſhall have x = 21, and its Square Root 
6; then 4,6 x 20= T x Er 92, which is agai er 

— laſt; the Limit then is Le 11 4b. and 20. and 

is very near 15/6, as will appear by the following Table; 

where the Numbers in the ſecond Column expreſs the whoie 

Action of the Lever in Parts, of which the leaft contains 

100000, all which correſponds to the Intenfities of the 

Power increaſed from 10 to 20 5. 


Powers, . Afiom. | Powers. Actiont. 
10 — Infinite, 15,16 — 100000 
11 —— 142360 16 100368 
12 —— 114036 17 101611 
13 — 104677 — 
14 — 10105 19 — 105575 
15 — 10001 20 ũ—ndG v 108330 


46. This Conſideration of the Power is but of little Uſe in 
the Lever; but as that is the moſt ſimple Machine, it was beſt 
adapted to explain and exemplify this Doctrine. In the Axis 
in Peritrochib, and Pulley, it is of greater Uſe, and ſhould 
not be negleed ; but as it is there a Buſineſs of great Dif- 
culty and Labour, I ſhall refer the Reader to S'Grave/ande's 
turd Edition of his Principia, where he may ſee the Computa- 
tions at large; the Reſult of which in general is, That the 
Ferrer which ſuftains the Weight in Equilibrio ould be increa- 
ſed by one half in the Pulley and Axis in Peritrochio, that the 
Aci of thoſe Machines may be a Minimum. 

(XXXIX.) The Doctrine of Fa1icT1on is contain'd under 
the following Particulars, wiz. 

1. When one Body inſiſts on another upon an horizontal 
Pane, it preſſes it with all its Weight, which being equally re- 
atted on (and therefore the whole Effect of its Gravity de- 
iroy'd) by the Plane, it will be abſolutely free to move in 
any lateral or horizontal Direction by any the leaſt Power 
*pplied thereto, provided both the touching Surfaces be per- 
teetly 22 or even. 

2. But ſince we ſind no ſuch thing as perfect Politure or 
Evenneſs in the Surfaces of Bodies bar leaſt ſuch as are produced 
5 Art,) but an evident Roughneſs or Unevenneſs of the Parts 


As 
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Plate X. 
Fig. * 
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As to Compound Engines and Machines, they 
are as numerous, as they are various in their Stru- 
cture; concerning all which we may obſerve in 


- 


in the Surface, arifing from the Poroſity and iar Texture 
of the Body, it is eaſy to underſtand that when two ſuch Sw. 
faces come together the prominent Parts of the one will i 
ſome meaſure fall into the concave Parts of the other, and 
therefore, when an horizontal Motion is attempted in one, 
the fix'd prominent Parts of the other will give more or leb 
Reſiſtance to the moving Surface by holding and detaining it: 
Parts, which is what we call Friction. 

3. Now fince any Body will require a Force proportiond 
to its Weight to draw it over a given Obſtacle, it follows that 
the Friction ariſing to the moving Body will always be in pw. 
B to its Weight only, and not the Quantity of the Su- 

„ by which it bears upon the reſiſting Plane or Surface. 
Thus if a Piece of Wood four Inches wide, and one Inc 
thick, be ground, and thereby made exactly fit to the Surface 
of another fix d Piece of the ſame Wood, it will require the 
fame Weight to draw it along on the ſame, whether it be la 
on its broad or narrow Side. | | 

4. For though on the broad Side there be four times the 
Number of touching Particles (ceteris paribus) yet each Pu 
ticle is preſs'd with but ; of the Weight that thoſe are on tie 
narrow Side ; and fince four times the Number multiplied bf 
: of the Weight is equal to 4 of the Number multiplied i) 
four imes the Weight, tis plain the Effect, that is, the he. 
ſiſtance, is equal in Caſes, and fo requires the ſame For: 
to overcome it. 

5. The Reaſon why the Friftion is proportional to tit 
Weight of the moving Body, is, becauſe the Power applic! 
Body muſt #ai/e it in ſome Meaſure wor an 
over the inent Parts of the Surface on which it is draw"; 
and this Motion of the Body, as it is not upright, ſo it vi 
not require a Power equal to its whole Weight; but being 
in the Nature of the Motion on an Juclined Plane, (ſince tbe 
Body bears on the prominent Parts all the while) the Powe” 
which moves it will be proportional to but a Part / i 
Weight only; and this will vary with the various Degrees f 
Smoothneſs or Aſperity between the rubbing Surfaces, and de 
ing Circumſtances. 

6. I find by Pxpcriment, that « Bady ABCD (of Wood, 
'Brafs, -&c. } laid on the Surface EFG H, will be draw? 


general 


i 
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Coch, then a third, or half Part, and ſometimes more, will 
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general, that they. conſiſt of one, two, or more 
f the Simple Powers combined together; that 
in moſt of them the Axis in Peritrachio, the 


long by a Weight P. nearly equal to one third of its own 
Weight ; if the Surfaces be hard and well poliſh'd, it will 
be leſs than a third Part ; but if the Parts be ſoft or rugged, 
it will be much greater. Thus alſo the Cylinder of Wood 
AB, if very ſmooth, and laid on two well-poliſh'd Suppor- 
ters C, D, (having been firſt oil'd or greaſed) and then 
charged with the Weight of two Pounds in the two equal 
Balls G, H, it will require an additional Weight x (equal to 
about a third Part of the two Pounds) to give Motion to, or 
overcome the Friftion of the ſaid Cylinder. 

7. Now this additional Weight, as it cauſes a greater Preſ- 
fure of the Cylinder, will likewiſe encreaſe the Friction, and 
therefore require the Addition of anothes Weight y, equal 
to the third Part of its own; for the ſame Reaſon the Weight 
will require another z, a third Part leſs; and fo on ad in- 
frizum, Hence upon Suppoſition that the Friction is pre- 
ciſely equal to a third of the Weight, the firſt Weight with all 
the additional ones, wiz. 2, 4, 3, x, Cc. will be a Series 
of Numbers in Geometrical Progreſſion decreaſing. Now 
the Sum of all thoſe Terms, except the firſt (i. e. the Sum 
of all the infinite Number of additional Weights x + y + z, 
&c.) is found (by a well known Theorem in Arithmetic) to 
be equal to one Pound. So that if the Weight of the Cylin- 
der be inconſiderable, the Way to overcome the Friction 
would be to double the Power G, or H, at once. 

8. But though we may at a Medium allow about a third 
Part of the Weight with which any ſimple Machine is charged 
for the Friction ariſing from thence, yet this is very Jo 
rious and ſeldom the Caſe; for if ABCD be a Piece of Braſs 


both the Surfaces well ground ard poliſh'd, the wes P of 
near two Ounces will be required to draw 
AC alone; but if AC be loaded with 6, 8, or 10/46, then 


2 fixth Part of the Weight will be ſufficient to draw it along 


tie Plane, If the Plane be cover'd with a linen or woollen 


be requiſite to draw it along on the Plane. 

9. Yet notwithſtandin the Difficulty and Uncertainty 
tending the Eſtimation of the Quantity of Friction, tis ſtill 
« mo uſeful and neceſſary Enquiry how, and by what Means 


Lever, 


at- 


Plate X. 
Fig. 2. 


of fix Ounces, and EFGH be alſo a Plate of Brafs, and Fig. 1. 


— ——— ei nn — — 
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Fig. 3. 
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Lever, and the Screw, are the conſtituent Parts; 
that in all, a certain Power is applied to produce 
an Effect of much greater Moment; and that, 


the Friction of any Machine may be abated or diminiſhed. 
In order to this we muſt conſider it mechanically, that is, we 
mult conſider Friction as a Force acting againſt a Power ap- 
plied to overcome it. Thus ſuppoſe AB an upright Stem or 
Shaft turning freely in the Socket B fix'd in the Table or 
Plane IKLM; and AC, DE two Arms fix'd in the aid 
Shaft, the latter of which DE has three Pins going into 
a Socket in the Middle of a heavy Weight F, G, or H, in 
ſuch a Manner, that when a Power applied at C moves the 
Lever AC, it cauſes the Lever DE to protrude or thruſt 2- 
long the Weight at F, G, or H, in a circular Manner upon 
the Table. | 

10. Now finceAye ſuppoſe the Weight all the while it is 
in Motion is freely and wholly — by the Plane, it fol- 
lows that all the Reſiſtance it can give to the Power applied 
at C, is only what ariſes from its Friftion on the Plane. 
What this Friction is, will be found by applying the Weight 
at G, ſo that BG be equal to AC; for then the Power ap- 
_ to C, acting in a Tangent to the Circle CRS, that 

juſt move the Weight . will be equal to its Friction 
(by Arnatat. XXXVIII. 10.) But if the Weight be applied 
at F, becauſe BF is greater than AC, the ſame Power at C, 
as before, will not move it, becauſe here its Force is in- 
creaſed by having a greater Velocity than the Power; as on 
the other Hand, if 1 at H, a leſs Power at C ſhall move 
it, becauſe of its having there leſs Velocity than the Power. 
All which is plain from the Properties of the Lever, demon- 
ſtrated in Arnotat. XXX VIII. tha . 

11. Hence we underſtand, that though the Weight of 2 
Machine remains the fame, yet the Friction may be dim!- 
niſh'd by contriving that the Parts on which it moves and 
rubs ſhall have leſs Velocity than the Power which moves 
it. Thus if the Cylinder AB were to move on the two 
ſmall Pins or Gudgeons E, F, the Friction would be abated 
in the ſame Proportion as the Diameter of thoſe Gudgeons b 
leſs than the Diameter of the Cylinder. . 

12. The Friction on theſe Gudgeons is ſtill farther dimi- 
niſh'd by cauſing them to move on the Circumference of 2 
Wheel; thus let K be the Gudgeon of the Cylinder revol- 
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in the laſt Place; it is known, that the greateſt 
Effect or Perfection of the Machine is then, when 
it is ſet to work with ſour Ninths of that Charge 


ving on the Wheel CDE; the Velocity of the Wheel's Cir- 
cumference will be the ſame with that of the Gudgeon ; but 
the Velocity of the Wheel's Axis AB (which is now to be 
confider'd as the rubbing Part) is leſs than that of the Wheel 
in Proportion as its Diameter is leſs than that of the Wheel. 
For Example, if the Friftion of the Cylinder moving on' its 
Surface be + Part of the Weight, and the Gudgeons be to 
the Cylinder as 1 to 10, they will reduce the Friction to 7; 
Part; and if again the Axis of the Wheel be to the Wheel 
231 to 10, the Wheel will reduce it to 45; Part; and if 
the Axis of this Wheel be laid on the Perimeter of another 
Wheel, the Friction will be reduced to a ſtill leſſer Part of 
the Weight, and ſo you may proceed to diminiſh the Fric- 
tion ad infinitum. Hence Wheels applied in this Manner are 
cll'd Fx1cTion-WHEELS. 

13. Beſides what we have now premiſed, ſomewhat far- 
ther is neceſſary to be underſtood to diminiſh Friction by 
Wied-Carriages. It was before obſery'd that Friction aroſe 
chiefly by 15 the Body over the prominent Parts of the 
Plane on which it moved; now if we can contrive to move 
the Body along without lifting or ſuſtaining its Weight, we 
ſhall move it without much Friction, and this may be done 
by lying the Body on any moveable circular Subject, as Rol- 
en, Wheels, &c. Thus let AB be the Section of an heavy 
body laid on a Roller EF, upon the Plane C D, and drawn 
y the Power P; tis evident when AB moves, the Aſperity 
of its Surface will lay hold on that of the Roller, and move 
Wit likewiſe; and 'tis as plain, that when the Body AB is 
drawn againſt the prominent Parts of the Roller, they imme- 
Wdiately give way, and make no Reſiſtance; thus the perpen- 
dicular Diameter ab yields into the Situation /, and c 4 
Wucceeds in its Place. By this circular Motion of the Roller, 
its prominent Parts below do only deſcend and move upon, 
or over, and are not drawn againſt the fix'd prominent Parts 
Jof the Plane, and fo receive no Reſiſtance from them; hence 
the Body AB is convey'd along without being lifted up, in 
me Manner as a Wheel is moved by a Pinion, without any 


the Theory of Wheels, or DoQtine of beel- Carriages. 
| which 


conſiderable Refiſtance. And this is the true Foundation of 
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whicn is equivalent to the Power, or will but juſt 
keep the Machine in Equilibrio (XL.) 


(XL.) 1. To demonſtrate e pray I ſhall chuſe 2 
by a Current of Wa- 
ter GA, ſtriking the lower Float-Boards A in a icu- 
lar Direction, in the Manner of an underſhot Mill. Now if 
the Wheel be not loaded or with any Weight, but 
moves freely on the Gudgeons of its Axis C, then the Wa- 
ter, coming on the Floats, will put the Wheel in Motion, 
and acting, upon it continually will ſoon accelerate its Mo- 
tion ſo far, as to give it a Velocity equal to its own. 

2. But if the Axle of the Wheel C be with a 
Weight P, which it is obliged to raiſe, this give Re. 
ſiſtance to the Wheel, and diminiſh its Velocity, or cauſe it 
to move ſlower than the Water ; as the Weight P is increas'd, 
the Motion of the Wheel will be proportionably retarded ; till 
the Weight P, coming to have an equal Momentum with the 
Water, the Wheel will loſe all its Motion, or be reduc'd 
to a State of Equilibrium. 

3. Now let F = Force of the Water, V = its Velocity, 


w» = Velocity of the Wheel, P Weight that holds the 


Wheel ix Equilibrio, = = Weight raiſed by the Wheel in 
Motion. Then the Diener of thoſe Velocities, vix. 
V — will be that with which the Water ſtrikes the Wheel; 
and fince the Force of Striking Fluids is al as the Square 
of the Velocity; (as will hereafter be ſhewn) and Cauſes are pro- 
portional to their Effects, we ſhall have V—= always pro- 
portional toz; and when + =o, we ſhall have = =P; 
and then V will be as P, fo that it will ahyays be 


V*: P We: =; and ſo 8 and v 
WF 5 Iu 
VVP—VVz 
, p oy 


4. But from the Printiples of Mechanics, we have the Pa. 

dius of the Wheel AC N) to the Radius of the Axle CB 

(=) as the Velocity of the Wheel v to the Velocity of the 
15 VV P—-VV Z. V 


Weight = that is, R: 7 +: 2 ne 
x: 7 8 VP R 
* 


= Velocity of =. Which Velocity of de 
| Tur 
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Taz Common JACK is a compound Engine, 
where the Weight is the Power applied; the 


Weight being multiplied by the Weight z, gives an Expreſ- 
PLATES for the Effect of the Engine, 
5. This Expreſſion is to be determined to a Maximum by 
naking the Fluxion of LE equal to Nothing, 
z/P Vs 
VP 
— — 1 1 
=;, then 28 P- ZVS AN 7-H, 
beaaſe Pi is conſtant) therefore à Pr — { &* £=5=03 
hence & P = 3 z* , therefore P* = 43 z* ; whence P 
!z and z=+P; that is, the Weight'z, when the Machine 
vin its greateſt Perfection, is equal to 3 of the Weight P, 
that will keep it in Eguilibrio. . B. D 
6. Hence, if inthe Erreger. 
ubſitute the Value of x, vir. 3 P, we ſhall have © = 
— —.— ro FP VVV 
Vx34P, therefore v=4{V. That is, the Velocity of 
the Wheel (v) is equal to the Third Part of the Velocity of 
the Water, when the Machine is obs OO. 
7. When the Wheel is kept ia Eguilibris by eight P, 5x x. 745. 
ire 9 


of Mechanics ; whence we have — =P; whence z = 7 F. 
(3 P=) 1 which Values of z and P, ſubſtituted in 
rV 2-2 


(the Part * being eonſtant, we neglect.] Let 


the Expreſſion N X 5 , will gire % V 
for the Exponent of the greateſt Effect of the Engine: 


8. To illuſtrate this by Example; ſuppoſe G A a Body &f 
Water iſſuing from an Aperture in the Pen-Stock ane Foot 
"qaare, and four Feet below the Surface o the Water-Head 3 
1 this Caſe the Force of the Water F = 250 4b, and the Ve- 
| | Friction 


Mztcnranics. 
Friction of the Parts, and the Weight with which 


the Spit is charged, is the Force to be overcome; 
and a ſteady, uniform Motion, by means of the 


Fly, is the End or Intention of the Machine 
DD ; 


locity V = 16 Feet fer Second (as will appear here. 


aſter) ; whence +, VF = <* _ ="592,6 
and this is the r Ele of the Engine; now if R: 7: 
8 213 then P — = 2000; and x P8889 . 


7 f 
And its Velocity will be + of 4 of 16, or + of a Foot per Sc. 
cond. - 2 we the Truth of all that has been ſaid, one 
need only take æ either. greater or leſſer than 888,9 , aud 
a V 
then the Expreſſion for the Effect of the Engine NN 


LED, will give a Number in each Caſe leſs than 
592,6 ; which therefore is the Maximum, as above found. 

(XLI.) 1. The FLy is the only Part I ſhall here take no- 
tice of in the Chimney-Jack, and ſhall explain its Nature and 
Uſe both there and in other Mechanical Machines. For it 
may be applied to any Sort of Engines to very good Pur- 
poſes, which have a quick and circular Motion, and where 
the Power or Reſiſtance acts unequally in the different Parts 0: 
a Revolution. 

2. The Uſe of the Fly is to facilitate the Motion of En- 
gines, by accumulating and retaining the Power communi 


cated to it, and exerting it gradually and equally in each Re. 


yolution of the Machine; whence it comes to paſs that the 
Motion of the Machine is render'd very nearly uniform and 
of an equal Tenour in all Parts of the Revolution, and there- 
fore more eaſy, pleaſant, and convenient to be ated by tt 
impelling Power. For neither the Strength of Men, nor other 
Powers or Reſiſtances affecling the Engine, can or do act e- 
qually and uniformly in every Part of a Revolution, Thu 
Meat on a Spit gives always more Reſiſtance on one Part than 
another, by which means the Motion would be ſo irregular 
and jokting, that it would ſoon become ſhaken and loved 
from the Spit, and ſo not be carried round, were not this It- 


regularity prevented by the Fly. 
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Is CLOCKS, WATCHES, Sc. the Power 
is the Weight or Spring ; the Force to be over- 
come is the Friction of the numerous Parts, which 
are chiefly a Combination of Wheels and Axes, 
whoſe Uſe is to divide a large Portion of Time, 


3. The Fly does not add any new Power to an Engine» 
as ſome have imagin'd; as is evident for the following 
Reaſons. (1.) The Fly has no Motion but what it receives 
at firſt from the Machine. (2.) A of Force is always 
neceſſary to maintain the Motion of the Fly, which muſt be 
ſupplied from the Machine. (3.) The Friftion of the Pivot, 
Screw, r. of the Fly is a Refiftance to the impreſs'd Force, 
and muſt abate it. (4.) The Air likewiſe Reſiſtance 
to the Weights at the End of the Fly. Upon all which Ac- 
counts tis eaſy to underſtand; that the Fly, inſtead of adding, 
does very much decreaſe or leſſen the Power impreſs'd on the 


4+ The beſt Form for a Fly is that of a heavy Wheel or 
Circle, of a fit Size; for this will meet with leſs Reſiſtance 
from the Air; and being continuous, and the Weight every 
where equally diſtributed through the Perimeter of the Wheel, 
the Motion will be more eaſy, equable, and regular. In 
this Form the Fly is moſt aptly applied to the perpendicular 
Drill; where it not only gives Weight and Regularity of Mo- 
tion, — contributes to — the Brin upright by its Centri- 

ower. 

5. In this Form it is alſo beſt applied to a Vinalaſi or com- 
mon Winch, where the Motion is pretty quick; for when a 
Man turns the bended Handle of the Winch, his Strength is 
not, nor can be equally exerted in every Part of the Re- 
volution ; for in pulling upwards from the lower Quarter, he 
ean exerciſe more Power than in thruſting forward in the up- 
pr Quarter, where, of courſe, part of his former Force would 

loſt, were it not accumulated and conſerved in the equa- 
ble Motion of the Fly. By this means a Man may work 
Day in drawing up a Weight of 40/5. whereas 30/b. would 
create him more in a Day without the Fly, | 

6. The Fly is ſometimes made uſe of to increaſe the Force 
of Mechanical Engines, as of the Lever and Screw, in that 
fot Stamping of y in the Mint. Here the Power ex- 
erted by Man is accumulated by the large Weights at 
each End of the Lever; the Lever increaſes and communi- 
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as a Day or an Hour, into very minute equal Parts, 
as Minutes, Seconds, &c. and to point out thoſe 
Diviſions by an equable Motion of a proper Hand 
or Index round a graduated Circle (XLII.) 


cates it to the Cylinder upon which it is fix d; the Screw 
does again increaſe or condenſe it upon the Medal, by means 
of which the Impreſſion of the Image is made. 


7. The great Power of this (or any other Machine of this 
Kind) may be thus com . Suppoſe the Arms of the Fly 
15 Inches each, or the of the Lever 30 Inches, and 


each Weight to be 501. and the Diameter of the Cylinder 
at the Screw be one Þ:ch. If each Stroke be made in a Hal. 
Circle, which 2 9 — Focparu 
Time, the Velocity (being equably accelerated by the con- 
tinued Action of the Man) will at the Instant of the Stroke 
be at the Rate of eight Feet per Second; therefore $ 
1001b. = 80016. for the Momentum of the Lever or Fly. 
But ſince the Diameter of the Screw is but 20 of the Leng:l 
of the Lever, we ſhall have 30x 8004b. = 24000h.. tor 
the Momentum of the Engine, which is equal to that of 1000 
falling 120 Feet; which — Force is ſtill farther in 


creaſed for coini ieces of Money, by increafing the 
Weight and Arms of th Fly. 0 
XLII.) 1. I hall here ſhew the iples of Watch and 


Clock-Work, and how to calculate the Numbers for tix 
Movements, in as clear and compendious a Manner as I pol 
fibly can. In all Automata, or Machines of Clock-Work, 
there is a natural Agent, or Principle of Motion ; which, by 
acting on one Part, gives Motion to that, and all the othe: 
Parts depending upon it, and thus becomes the Primum Me 
bile, or firſt Mover to the whole Machine. a 
2. In common Checks and Watches this is of two Sorts, viz. 
A Sram or #We1rcur ; either of which may be made 0 
act with any determinate Force; the Spring by its Elaſficih. 
and the Weight by its Gr avity. In theſe Machines this Force 
is requir'd to be ſuch as will overcome the Yis Inertie nd 
Friction of all the Parts in Motion; which in Watches is ve!) 
inconſiderable, but in Clocks is much , and that 
Proportion as they are more compounded. 
3. The Manner in which a Weight acts upon the Cylinder, 
about which the Line or Cord (to which it hangs) is wound, 
is eaſy to be underſtood by all; but the Action of the Spring 
coil d up withinthe Cylindric Barrel or Boxofa Clock or Wat, 
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is ſomewhat more nice and 

it acts upon the Fuſee always with an equal Force by means 

of the Chain, and the proper Figure of the Fuſee for that Pur- 
poſe, is next to be explain'd. | 

4. The Chain being fi d at one End to the Fuſee, and at 

the other to the Barrel, when the Machine is winding up 

the Fuſee is turn'd round; and of courſe the Barrel; on the 

Inſide of the Barrel is fix d one End of the Spring, the other 

End being fux'd to an immoveable Axis in the Centre. As the 

Barrel moves round, it coils the Spring ſeveral Times about 

the Axis, thereby increaſin 3 Force to a proper De- 

gree; all this while the Chain is drawn off the Barrel up- 

on the Fuſee; and then when the Inſtrument is wound up, 

the Spring by its elaſtic Force, endeavouring conſtantly to 

© unbend itſelf, acts upon the Barrel, by carrying it round; by 

= which means the Chain is drawn off from the Fuſee, and thus 

© turns the Fuſee, and conſequently the whole Machinery. 

= <5. Now as the Spring unbends by degrees, its elaſtic Force, 

by which it affects the Fuſee, will gradually decreaſe; and 

© therefore unleſs there were ſome Mechanical Contrivance in 

© the Figure of the Superficies of the Fuſee to cauſe that as 

== the Spring is weaker, the Chain ſhall be removed farther 

from the Centre of the Fuſee, ſo that what is loſt in the 

$ Spring's Elaſticity is gain'd in the Length of the Lever; I 

S ay, unleſs it were for this Contrivance, the Spring's Force 

would always be unequal upon the Fuſee, and ſo would pro- 
duce an unequable Motion of the Parts of the Machine. 


Inveſtigated as follows. Let BCD be the Curve, AL the 
Vis of the Fuſee produced; let D be the Point where the 
nd of the Chain is fix'd on the Fuſee when the Watch is 
own, or the Spring uncoil'd, and B the Point where it 
Wouches it when the Spring or Machine is wound up. From 
Wie Points Þ and D let Fall 
4 and DH; in which produced, let there be taken AE 
nd H I proportional to the Force or Strength of the Spring, 
When the Chain is at B and D. Through E, I, draw the 
Fight Line E K interſecting the Axis ſomewhere in K; and 
om any Point C in the Curve, draw C F perpendicular to 
Wc Axis in G; then will FG be as the Strength of the 
pring when the Chain is at G. | 
= 7- Now, ſince the Force acting on the Fuſee ought al- 
mays to be uniformly the ſame; and this Force being al- 
as the Strength of the Spring expreſs'd by F G, and 


at which the Chain acts from the Axis of the 


; and the Manner how 


K 2 Fuſee 


. 


the Perpendiculars to the Axis 
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6. The Figure of the Curve, which ſhall form the Super- Plate Xl. 
tcies of the Fuſee by a Revolution about its Axis, may be Fig. 1. 
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Fuſoe conjointly : Therefore the Force at any Point C will 
be as the Rectangle FGx GC, and ſince this is a given 
Quantity it may be made FG x GC = b, and fo we have 


a 
FG SCC 


8. Therefore to determine the Equation of the Curve 
BCD, let KH ==, HII, HOG = x, and GC g. 
Then becauſe of the ſimilar Triangle H K I and GK, we 


have HK: HI: GK: ro = thatis, 2b ao! 


9. The Form 


(> 
1 
4 


þ 


an uniform Force; by which means 
which is fix'd to it, is put into Motion, and 
Centre Wheel, which Centr: 


£1 
d 


T 

i 
i 
T 


do well to have his Eye upon the internal Parts of the Watch, « 
he reads this Deſcription. | 
11. When the Watch is wound up, the Chain from the 
Spring exerts a Force upon the Fuſee, which gives Motion tv 
all the Parts of the Machine in the following Manner; whic 
will be eaſy to underſtand when the Number of Teeth in cad 
Wheel, and Leaves in the Pinions which they drive, are {pe 
_ FO Thirty-Hour Watches are # 


Centre-Wheel 


a" 3 >= 
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12. Hence 'tis eaſy to underſtand how often any one Wheel 
moves round in the Time of one Revolution of that whish 
drives it. Thus the Great-Wheel on the Fuſee, having 48 
Teeth, and driving the Centre-Wheel by a Pinion of 12, 
muſt cauſe the Centre-Wheel to move round 4 Times in one 
Turn of the Fuſee. And ſo for all the reſt, as below. 


12) 48(4 = Turns of the Centre-Wheel. 
 6)54(9= Turns of the Third-Wheel. 
6) 48 (8 = Turns of the Contrate- Wheel. 
6) 48(8= Turns of the Balance-Wheel. 


13. Whence it follows that the Turns of each of thoſe 
Wheels reſpectively in one Turn of the Fuſee, will be had 


by multiplying thoſe ſeveral Quotients together ſucceſſively, 


as follows: 
| 1 Turn of the Fuſee or Great-Wheel. 
4 x 1 =4 Turns of the Centre-Wheel. 
 9x4x1==36 Turns of the Third-Weel. 
$x9x 4x 12288 Turns of the Contrate-Wheel. 
$<x8x9x4x1==2304 Turns of the Balance-Wheel. 


14. The Balance-Wheel having 15 Teeth, and each ſtrik- 
ing a Pallet twice in one Revolution, there will be 30 Strokes 
ppon the Axis of the Balance, which we call the Beats of the 
Balance; and therefore there will be 2304 x 30== 69120 
Beats in one Turn of the Fuſee or Great-Wheel. 

15. The S that 92 we 2 1 — 
principal Regard to in the Diviſion of Time ; - 
— towards the Balance, ſerving only to multiply the 
Strokes of the Balance, and cauſe it to move with an inſen- 
ſible Power, and be thereby ſubje& to a more perſect Regu · 
lation. But the Centre - Wheel is that upon which both the Hour 
and Minute Hand is moved or carried round upon the Face 
of the Watch to indicate the Time, vix. the Hour of the 
Day, or Minute of the Hour. 

16. Since the Time of the Watch's going is 30 Hours, 
and the Minute Hand, and conſequently the Centre-Wheel, 
goes round once in an Hour, the ſaid Centre-Wheel will have 
22 in the Time of the Watch's going ; and becauſe it 

four Turns in one of the Fuſee, therefore 4) 3002712 
the Number of Turns of the Fuſee in winding up the Watch. 
Whence 69120 x 7,5 ==518400= the N of Beats du- 
ring the whole Time of the Watch's going. 

17, If then we divide 518400 by 30, weſhall have the Quo- 
tient 17280 = Number of Beats in an Hour, which is call'd 
the Taaix ofa Watch; and it is ſaid to be a hinter or ſower 
Train as the Number of Beats 28 is greater or . 

3 
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If we divide the Train _ by 3600, the Seconds in an 
Hour, the Quotient will be almoſt 5; that is, there will be 
near 5 Beats per Second in ſuch a Watch. 

18, From this Analyſis of a Watch, it will be eafy to form 


an Tdea of the Manner of Calculation for the Numbers of 


the Teeth and Leaves for the ſeveral Wheels and Pinions 
throughout the Work; and I ſhall endeavour to facilitate and 
illuſtrate this by an Example of the Numbers for a Watch 
whoſe Train is 14400, and which therefore will beat Quarter- 
Seconds, becauſe ſuch an one will be uſeful for many Philo- 
ſophical Purpoſes, as well as the common Meaſure of Time. 
19. The Time which this Watch ſhall go, may be 32 
Hours; then 14400 x 32 = 460800== the * of the Ba- 
lance in the whole Time. Suppoſe the Number of Turns 
in the Fuſee be 8; then 8) 460800 (= 57600 = the Beats in 


one Turn of the Fuſee. Again, let the Number of Teeth 


in the Balance Wheel be 15, there will be zo Beats in one 
Turn of this Wheel; then 30)57600(= 1920, which will 
be the Number ariſing from the continued Multiplication of 
all the Quotients of the Wheels, divided by the Pinions they 
drive from the Great-Wheel to the Balance-Wheel, as will 
be eaſy to underſtand by Art. 12, 13. 52 
20. The Buſineſs is now to break this Number into 4 con- 
venient ſmall Numbers, which multiplied together ſhall mak e 
the ſame Number 1920. This may ſoon be done by a few 
Trials; thus fuppoſe I take the Number 4 for one of them ; 
then 4) 1920480. This Number, 480, I plainly ſee can be 
divided by 6 without a Remainder; therefore 6) 480(=80 ; 
and as I plainly fee that 80=8x 10, therefore the four 
Numbers he are 4, 6, 8, and 10. For theſe, multiplied 
together, e 1920, wiz. 4x bx8x tO 1920. 

21. Having thus got the Quotients, it will be very eaſy 
to find what large Numbers, divided by ſmall ones, will pro- 
duce the ſaid Quotients; thus 12) 48(=4; wherefore, if T 
allow 48 Teeth to the Great-Wheel on the Fuſee, it muſt 
drive a Pinion of 12 on the Centre-Wheel. 

22. In the next Place, for the Quotient 6, I chuſe the 
Numbers 54 and 9; thus 9) $4(=6, which ſhews that the 
Teeth of the Centre-Wheel may be- 54, and it moſt then 
drive a Pinion of 9 on the Third Wheel. Or, if inſtead of 
54 and 9, I rather make choice of 48 and 8, it will anſwer 
the ſame End; for 8)48(= 6, as before. 

23. Then for the Quotient 10, tis eaſy to ſee, that 50 
and 5 will produce it, . 5)50{=10. That is, the Third 


Wheel having 50 Teeth muſt drive a Pinion of 5 on the 


Comrate-Wheel. IF the did Wheel bus 0, or 60 Teeth, 


4 _ MS ad a> 
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and drive a Pinion. of 4 or 6, the ſame Number of Turns 
will be obtain'd. 
24. Laſtly, for the Quotient 8, we have the Numbers 48 
and 6; for 6) 48 (8; or 7)56(=8 ; or 5)4o(= 8. Whence 
if the Contrate-Wheel be allow'd 40, or 48, or 56 Teeth, 
it muſt drive a Pinion of 5, 6, or 7 Leaves on the Balance- 
Wheel. p | 
25, By this Means all the Wheels and Pinions are deter- 
mined, and adjuſted in the Body of the Watch from the Fuſee 
to the Balance; but all that we have hitherto done ſhews 
only the Minutes of an Hour, and Seconds, or Quarter-Seconds 
of a Minute; but nothing has yet been mention'd relating 
to the Mechaniſm for ſhewing the Haur of the Day, of which 
we ſhall treat in the next Place, 
26. This Part of the Work lies conceal'd from Sight be- 
tween the upper Plate of the Watch-Frame and the Dial- 
Plate; and ſince few People have the Opportunity of viewing 
this Work, I have here repreſented it by a Figure ; wherein 
ABC is the uppermoſt Side of the Frame-Plate, as it ap- 
when detached from the Dial-Plate ; the Middle of this 
late is perforated with a Hole receiving that End of the 
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Arbor of the Centre-Wheel which carries the Minute-Hand ; Plate XI. 


on this End of the Arbor, near the Plate, is fix d a Pinion p 


ab of to Teeth; this is call'd the Pinion of Report; it drives 
a Wheel cd of 40 Teeth; this Wheel c carries a Pinion 
Fof 12 Teeth, and this drives a Wheel g with 36 Teeth, 

27. As in the Body of the Watch the Wheels every where 
drive the Pinions, and ſo quicken or increaſe the Motion; 
here, on the contrary, the Pinions drive the Wheels, and by 
that means decreaſe the Motion, which is here neceſlary ; for 
the Hour-Hand, which is carried by a Socket fix'd on the 
Wheel g, is required to move but once round while the 
Pinion ab moves 12 Times round. To this End the Mo- 


tion of the Wheel c & is I of the Pinion a b, becauſe 10)40(=4. 


Again, while the Wheel c. or the Pinion 7 goes once 
round, it turns the Wheel g þ but q Part round, for 12)36(=3. 


Conſequently the Motion of g is but 4 of + of the Mo- 


tion of ab; but J of = , that is, the Hour-Wheel g 5 
moves once round in the Time that the Pinion of Report on 
the Arbor of the Centre or Minute-Wheel makes twelve 
Revolutions as requir'd. 

28. Having thus ſhewn the Nature and Manner of the Me- 


chaniſm of a Watch, the Structure of that Part of a CLocx, 
which is concern'd in ſhewing the Time, will eaſily be un- 


derſtood, eſpecially as it is repreſented in the Draught. The 


' Mechaniſm of a Clock conſiſts of 1wo Parts, one to Sew the 


K 4 Tine; 
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Time, the other to report it, by ſtriking the Hour upon 2 Bell, 
How each of theſe us effected, I ſhall ſhew by the following 
Plate XI. 29. Each Part is actuated or moved by Weights, as in com- 
Fig. 3, mon Clocks, or Spring included in Boxes or Barrels, as A; 
this Cylinder moves the Fuſee B, and the great Wheel C 
(to which it is fix'd) by the Line or Cord that goes round 
each, and anſwers to the Chain of the Watch. The Method 
of Calculation is here nearly the ſame as before. 3 
here the Great - Wheel C goes round once in twelve Hours ; 
1 if it be a Royal Pendulum Clock, ſwinging Seconds, we 
ave 60 x 60 x 12 = 432000 Seconds or Beats, in one Turn 
of the Great Wheel. x | 
30. But becauſe there are 60 Swings or Seconds in one 
Minute, and the Seconds are ſhewn by an Index on the End 
of the Arbor of the Swing-Wheel (which in thoſe Clocks is 
in an horizontal Pofition) therefore tis neceſſary that the 
Swing-Wheel ſhould have 3o Teeth. TOON (= 
720, the Number to be broken into Quotients for finding 
the Number of Teeth for the other Wheels and Pinions, as 
beſore, in Art. 20. | | | 
31. But fince the Minute-Wheel D goes 12 Times round 
in one Turn of the Great-Wheel C, we know one of the 
Quotients muſt be 12; whence 12)720(=60; and 60 is com- 
pounded of 6x10, or, 8x7,5. So that either 6 and 10, or 
$ and 74 are the two other Quotients; but the latter Num- 
bers are preferable to the former, as affording a greater Uni- 
formity of the Parts and Eaſe in the Execution. Therefore 
8) 60(=7; ; hence if we give 60 Teeth to the Middle or Mi- 
nute-Wheel D, and it drives a Pinion of 8 on the Contrate- 
Wheel E, 
32. The other Quotient 8 _ us $)64(=8, or 
1), cotups: car, if we give 64 Teeth to the Contrate: 
cel E, it muſt drive a Pinion of 8 on the Arbor of the 
Swing-Wheel. But if only 56 be allow'd, then it muſt drive 
2 Pinion of 7, and theſe laſt Numbers are now generally uſed, 
Thus much for the Time Part, as far as the Minutes and Se- 
conds: As for the Pinions and Wheels to fhew the Hours, 
* before ſhewn is the Wateh, Art. 
26, 27. 

33. In Spring Clocks the Diſpoſition of the Wheels in the 
Watch Part is ſuch as is here repreſented in the Figure, 
where the Swing-Wheel F is in an horizontal Pofition, 
Seconds not being ſhewn there by an Index, as is done in the 

Pendulum according to the foregoing Calcula- 
non: Whence in theſe Clocks the Wheels are diſpoſed in a 
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different Manner, as repreſented in Fig. 4. where C is the 
Great-Wheel, D the Centre or Minute-W heel, both as be- 
fore; but the Contrate-Wheel E is placed on one Side, and 
F the Swing-Wheel is placed with its Centre in the ſame 
perpendicular Line G H with the Minute-Wheel, and with 
its Plane perpendicular to the Horizon, as are all the others. 
Thus the Minute and Hour Hands turn on the End of the 
Arbor of the Minute-Wheel at a, and the Second-Hand on 
the Arbor of the Swing-Wheel at 6. 

34. It remains now that we give an Account of the Machi- 
nery of the Striting · Part of a . Here, as in the Watch- 
Part, the Primum Mobile is a large Spring, in the Spring- 
Barrel G; but in long Pendulums it is a Weight, as is well 
known. This by its and Fuſee moves the Great Wheel 
H; that gives Motion to the Pin- I heel I ; that continues it 
to the Detent or Hop M heel K; and that to the Warn 
bee L; which at laſt is ſpent on the Flying-Pinion Q, whi 
carries the Fly or Fan; and by its great Velocity it meets with 

Reſiſtance from the Air it ſtrikes, and by this means 
ndles the Rapidity of the Clock's Motion, and renders it 
uable. ; 

— All theſe Wheels are quiz/cent or motionleſs, unleſs 
when at the Beginning of each Hour the Detent O is lifted 
up, by which means the Work is unlock d, and the Whole 
put into Motion by Virtue of the Spring in the Bax G. Dur- 
ing this Motion the Pins e, e, e, e, of the Pin-Wheel I takes 
the Tail of the Hammer T, and carrying it upwards removes 
the Head of the Hammer from the Bell R; then being let 
go by the Pin it is made by a ſtrong Spring to give a forcible 
Stroke upon the Bell, and this is repeated as often as the Hour 
requires, by means of a Contrivance in another Part. 

36. This conſiſts of moveable Wheels, and ſeveral Levers, 
and other Parts, which cannot be underſtood by a bare De- 
ſcription, or even by a Repreſentation in a ht, ſo well 
4 any Perſon may have an Idea of them by taking off the 
Face or Dial-Plate of a late-made Eight-Day Clock ; for, 
within 8 or 10 Years paſt, great Improvements have been 
made in this Part of the Mechaniſm. Of which, perhaps, I 
may give a more ample Account in anpther Place, — 
of my preſent Deſign not admitting it here. 

37. To the Invention of Mr. Maurice Wheeler we owe the 
curious Contrivance of a Clock deſcending on an Inclined Plaue; 
the Theory of which is worth any Gentleman's Knowledge, 
and may be ſeen in N 161, of the Philoſophical Tranſaftions. 
Alſo the Clock itſelf may be {een at Des Saltero's Coftee- 
Houſe in Chel/ce. 

38. But 
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Plate Xx. quainted with this odd Kind of Machinery, who have neither 


Fig. 7. 


Poſition on the horizontal Plane H H; but if that Plane be 
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38. But fince many People may have a Curioſity to be ac. 


of the Opportunities abovemention'd, I will here preſent them 
with a ſhort- Account of this Clock. DE is the inclined Plane 
on which the Clock A B C deſcends ; it conſiſts externally of 
a Hoop, and two Sides or Plates ſtanding out beyond the 
Hoop about + of an Inch all round, and indented that the 
Clock may not id, but turn round as it moves down. 

39. One of thoſe Plates is inſcribed with the 24 Hoyrs, Wl inc 
which paſs ſucceſſively under the Index, which is always in a 
Poſition to the Horizon, and ſhews the Hou 
on the Top of the Machine: For this Reaſon the lower Pan 
of the Index is heavieſt, that it may preponderate the other, 
and always keep it upright as the Movement on. hav 

40. For the internal Part or Mechaniſm, let LEDQ be 
the external Circumference of the Hoop, and / the Frame. u 
Plate on which is placed the Train of Wheel-Work 1, 2, 3, 4. f 
which Is much the ſame as in other Clocks, and is govern'd BW Dia 
by a Balance and Regulator as in them. But for a Spring cri 
and Fuſee, there needs none in this Clock, their Effects be- 
ing otherwiſe anſwer'd, as we ſhall ſee. 

41. In this Machine the Wheel 1 is placed in the 
Centre, or the Axis of the Movement, and the other 
Wheels and Parts towards one Side, which therefore would 
prove a Biaſs to the Body of the Clock, and cauſe it to move, ifcular 
even on a horizontal Plane, for ſome ſhort Diſtance ; this Wi: che 
makes it neceflary to fix a thin Plate of Lead at C on the op- Wltiat 
poſite Part of the Hoop, to reſtore the Equi/ibrium of the Move. Wrreat 
ment. 


42. This being done, the Machine will abide at reſt in ay (ere 


changed into the Inclined Plane DE, it will touch it in the 
Point D; but it cannot reſt there, becauſe the Centre of Gn 
vity at M acting in the Direction M T, and the Point T bs 
ving nothing to ſupport it, muſt continually deſcend and carr 
the Body down the Plane. | 

43. But now if any Weight P be fix'd on the other Sid: 
the Machine, ſuch as ſhall remove the Centre of Gravit) 
from M to the Point V in the Line L D, which paſſes thro 
the Point D, then it will eſt upon the Inclined Plane, as ve 
have ſhewn in the Caſe of the Ro/ling-Cylinger ; for this In- Nude 
ſtrument is founded on the fame Principle. . 3D 
44. If now the Weight P be ſuppoſed not fix'd, but {i 
pended at the End of an Arm, or Ye4is; which Arm or Le. BF, at | 
ver is at the ſame Time faſten'd to a Central Wheel 1, moving 
on the Axis M of the Machine, which Wheel by its * 
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ſhall communicate with the Train of Wheels, c. on the 
other Side ; I ſay, in this Caſe if the Power of the Weight P 
be juſt equal to the Friction or Reſiſtance of the Train, it will 
remain motionleſs all one as before when it was fix d; and 
conſequently the Clock alſo will be at reſt on the Inclined 
Plane. 


45. But ſuppoſing the Weight P has a Power ſuperior to 
the Reſiſtance of the Train, it will then put it into Motion, 
and of courſe the Clock likewiſe, which will then commence 
: Motion down the Plane, while the Weight P, its Yeats 
PM, and the Wheel 1, all retain conſtantly the ſame Poſition 
they at firſt have when the Clock begins to move. 

46. Hence tis eaſy to underſtand that the Weight P may 
have ſuch an intrinſic Gravity as ſhall cauſe it to act upon 
be de Train with any required Force, ſo as to produce a Mo- 
me- won in the Machine df any required Velocity, as ſuppoſe ſuch 
» 4. Wh ſhall carry it once round in twenty-four Hours; then if the 
n'd Dameter of the Plates A BC be four Inches, it will de- 
ing ſcibe the Length of its Circumference, wiz. 12,56 Inches in 
one natural Day; and therefore if the Plane be of a ſufficient 
Length, ſuch a Clock may go ſeveral Days, and would be a 
jepetual Motion, if the Plane were of an infinite Length. 

47. Let SD be drawn through M perpendicular to the 
helined Plane in the Point D. Alſo let LD be perpendi- 
ove, car to the horizontal Line H H, through D. Then 
this WW the Angle HDE=LDS=DMT. Whence it follows, 
op. at the greater the Angle of the Plane's Elevation is, the 
ove- ¶ greater will be the Arch D T, and conſequently the farther 
wil the common Centre of Gravity be removed from M; 
| any derefore the Power of P will be augmented, and of courſe 
e be de Motion of the whole Machine accelerated. MN 

48. Thus it appears, that by duly adjuſting intrinſic 
Veight of P at firſt to produce a Motion ſhewing the mean 
Time as near as poſlible ; the Time may afterwards be cor- 
etted, or the Clock made to go faſter or feuer by railing 
ir depreſſing the Plane, by means of the Screw at S. The 
Angle to Which the Plane is firſt raiſed is about ten De- 
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49. We have given the Theory of a Clock moving down 
1 inclined Plane; Let us now conſider how a Clock may be 
ade 70 aſcend on the ſame Inclined Plane. To this End let 
D be the Machine on the Inclined Plane E DE, and 
K it be kept thereon at Reſt, or in Equilibris, by the Weight 
„ at the End of the Lever PM. The circular Area CF 
one End of a Spring-Bartel in the Middle of the Move- 
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Plate X. 
Fig. 8. 


140 


MEcnanNnics. 


In the ORRERY and COME TARIUM 
the whole Machinery is a Compages of Wheel 
of various Sizes, ſuitably contrived and adapted 
to produce circular and elliptical Motions of Bo- 
dics repreſenting the Planets and Comets, in ſuch 
Periods of Time as are exactly proportional and 
correſpondent to the reſpective Motions of the 
Heavenly Bodies which they repreſent; alſo their 
ſeveral Phaſes, Poſitions of the Orbits, and other 
Aﬀections, ſo as to be a perfect Microcoſin, or 
Solar Syſtem in Miniature (XLIII, XLIV.) 


on, © — — 


ment, in which is included a Spring, as in a common Watch. 
go. To this End of the Barrel the Arm or Lever PM i 
fx'd upon the Centre M; and thus when the Clock is wound 
up, the Spring moves the Barrel, and therefore the Lever 
and Weight P, into the Situation PM. In doing this, the 
Centre of Gravity is conſtantly removed farther from the 
Centre M of the Machine, and therefore it muſt determine 
the Clock to move upwards; which it will continue to ds, 
ſo long as the Spring is unbending itſelf; and thus the Weight 
and its Lever PM will preſerve the Situation they firſt have, 
and do the Office of a Chain and Fuſee. This is the Contr: 
vance of M. de Gennes. See Phil. Tranſ. N“. 140. 
(XLIII.) It would be too an Undertaking here to give 
an Account of the M um of the larger Sort of Orreries, 
which repreſent the Movements of all the Heavenly Bodis; 
nor indeed can it be done either by Diagram or Deſcription, 
to render it intelligible to the moſt diſcerning Reader; bi | 
inftead of that, I ſhall exhibit an- Idea of the Theory and 
Structure of an uſeful, conciſe, and portable Planetarium, which 
any Gentleman may have made for a ſmall Expence, and wil | 
exhibit very juſtly the Motions of all the Pri Planets & | 


td ras ann Ar. Ars oc Da 4 e 
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bout the Sun by Wheel-Work ; and thoſe that have Secon: 
daries or Moons, may have them placed about their Prim 
ries, moveable by the Hand, fo the whole ſhall be 4 


juſt Repreſentation of the So/ar Syſtem, or troe State of de 


Heavens, for any given Time of the Year. -- + 

2. In order to this we muſt firſt compare, and find out (bt 
ion, which the Periodical Times or Revolutions o 

the Primary Planets bear to that of the Earth ; — 


MECHANICS. 


ſuch as are expreſs'd in the Tablet below, where the firft 
Column is the Time of the Earth's Period in Days, and De- 
cimal Parts ; the ſecond that of the Planets; the third and 
foutth are Numbers in the ſame Proportion to each other. 


As 365,25 : 88 $ ::83 : 20, for Mercury. 
365,25 : 224.7 YL ::52: 32, for Venus. 
365,25 : 686,9 & ::40 : 75, for Mars. 
365,25 : 4332,5 U:: 7 : $3, for Jupiter. 
365,25 : 10759,3 h:: 5: 148, for Saturn. 


3. If now we ſuppoſe a Spindle or Arbor with fix Wheels plate XII. 


tx d upon it in an horizontal Poſition, having the Number of F 
Teeth in each, correſponding to the Numbers in the third 
Column, wiz. the Wheel AM of 83 Teeth, BL of 52, 
CK of 50 (for the Earth,) DI of 40, EH of 7, and FG 
of 5 ; and another Sett of Wheels moving freely about an 
Arbor, having the Number of Teeth in the fourth Column, 
vis. AN of 20, BO of 32, CP of 50 (for the Earth,) D 
of 75, ER of 83, and FS of 148; then if thoſe two Ar- 
bors of fix'd and moveable Wheels are made of: the Size, and 
fix'd at the Diſtance from each other, as here repreſented in 
the Scheme, the Teeth of the former will take thoſe of the 
latter, and turn them very freely when the Machine is in 


; 


4. Theſe Arbors, with their Wheels, are to be placed in 
a Box of an adequate Size, in a ndicular Poſition ; the 
Arbor of fix'd Wheels to move in Pivots at the Top and 
Bottom of the Box; and the Arbor of moveable Wheels to 

through the Top of the Box to © you Height, on the 

op of which is to be placed a round Ball, gilt with Gold, 
to repreſent the Sun. On each of the moveable Wheels is to 
be fix'd a Socket or Tube aſcending above the Top of the 
Box, and having on the Top a Wire fix d, and bent at a 
2 Diſtance into a Right Angle upwards, bearing on the 
op a ſmall round Ball repreſenting its proper Planets. 

5. If then on the lower Part of the Arbor of fix d Wheels 
be placed a Pinion of Screw-Teeth, a Winch turning a Spin- 
dle, with an endleſs Screw, playing in the Teeth of the Ar- 
dor, will turn it with all its Wheels; and theſe Wheels will 
move the others about with their Planets in their proper and 
reſpective Periods of Time very exactly. For while the fix'd 
Wheel CK moves its equal CP once round, the Wheel AM 
will move AN a little more than four Times round, and ſo 
will nicely exhibit the Motion of Mercury; and the Wheel 
FG will turn the Wheel FS about — round, and ſo will 

| ; 29S way 


142 


much ſo. I have therefore alter d the Doctor's Contrivance, 


| & render d much more and uſeful. 


"Year 1682, whoſe Period is / Aa and have mdreover 


» moved by the circular Wheel I, fix'd alſo upon the ſame 
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rg the Motion of Saturn. And the ſame is to 
be faid of all the reſt. y 

6. If on the Top of the Box be placed a Circle with the 
Signs of the Ecliptic, including all the Planets, it will be eaſy | 

this Machine to repreſent the Motions and various Phz. | 
nomena of the Heavenly Bodies, by thoſe who have Skill in 
ſuch Things. Having thus ſhew'd the Reaſon, Structure, and | 
Parts of this portable Planetarium, the reſt muſt be left to 
the Fancy and Pleaſure of the Gentleman, and the Ingenuity | 
of the Workman. 

7. Since the above was wrote, I have had the Pleaſure to 
find that Mr. J. NE ATE (Watch-Mater in Leaden-Hall-Street, | 
Londen,) has invented and made an Orrery upon the ſame | 
Plan with mine above deſcribed ; the Diſpoſition of the Parts, | 
and even the very Number of the Wheels (all but two) be- 
ing the ſame, except that in mine the Wheel of 143 Teeth | 
for Saturn he thought too large, and therefore by breaking 
the = of 5) 148 (==29,6 into two, he ſubſtituted two 
Wheels (as there is Room enough ſo to do) in its Stead, and 
has thus brought the Work into ſo ſmall a Compaſs, that for 
ſuch Gentlemen as require it, he can make an Orrery in the 
Compaſs of a Watch, that ſhall ſhew the Motions of all the 
Primary Planets in the Solar Syſtem very nicely, which, as ſuch, 
may be properly call'd PocxzT OAK ERIES. See the laſt 
Article of the following Annotation. 

(XLIV.) 1. I ſhall here give an Account of the Mechaniſm 
of that Inftrument, which 1 call a CouzTarz1uUM ; for though 
Dr. Deſaguliers has (the firſt of any I know of ) deſcribed it 
under the Character of Part of a PlANETARTUAu, and by 
it repreſented the Motion of the Planet Mercury; yet I con- 
ceive it is much more adapted to repreſent the Motion of 2 
Comet than a Planet, becauſe none of the Planets deſcribe 
Orbits ſenſibly Elliptical, whereas thoſe of the Comets are very 


and adapted it to the Motion or Theory of the Comet of the 


aſter'd the Mechaniſm of the by which the Inſtrument 
2. The Structure and Rationale of this Inſtrument is as 
follows. When the Lid is taken off of the Box, the interna! 
Parts appear as in the Figure. NO and QT are two Elliptic 
Wheels turning each other about their Foci I and 8, by means 
of a Ut. Gut Strin in a Groove on their Edges, croffing at 
K. Theſe oval Wheels are fix d on Arbors or Axes which 
the ſame Focus 8 and I in each; the Oval NO 


Axis, 
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Axis, but above it on the Bar or long Piece G V; which 
Wheel is itſelf moved by another equal Wheel G, and that 
by an endleſs Screw, turn'd by a Winch, on tke Out-fide of 
the Box. All which is evident in the Figure. 

z. The Perimeter of the Oval QT, where it touches that 
of NO, will have a Velocity always proportional to the 
Diſtance from I, that is, in the Points K, 4, 3, 2, 1, &c. the 
Velocities will be as the Lines IK, Iz, I 3, I2, In, &e. 
which may be conſider d as Levers acting upon and movi 
the Oval QT in thoſe Points. Now if the Ovals are fi 
that SK is to SV, or IK to Ii, as 6 to 1, then will the 
Point K have 6 times the Velocity turn'd by the Lever IX, 
as the Point V will have when it has made 4 a Revolution, 
or is come under the Point S, where it is turn'd by the Le- 
ver I s, than in the Situation I S, 

4. If we take 8 PS =S KIS, and upon the Point 8, z, 
as Foci, you deſcribe the Ellipſis P LIM, that will repreſent 
the Orbit of the Comet, or the Figure of the Groove on 
the Lid of the Box, in which a round Braſs Ball, repreſent- 
ing the Comet, is made to flide along on a Piece of Wire, 
call'd the Radius Vector, fix'd at one End into the Top of the 
Arbor at 8, where we ſuppoſe the Sun to be, is ac- 
cordingly repreſented by a filver'd Plate at Top. 

5. The Place of the Comet at P is call'd the Peribe/ion, as 
being there neareſt the Sun; as I is its Aphelion or Point of 
greateft Diſtance. Since 8 PS K, the Velocity of the Co- 
met will be in the P oint P equal to that of the Point K; 
and were the Comet's Aphelion at 5, its Velocity there would 
be equal to that of the Point V when under s, vix. fix times 
leſs than before; but fince the Comet's Aphelion is at I, and 
ſince the greater Arch deſcribed in the ſame Time muſt have 
a greater Velocity, the Velocity of the Comet at I will be 
about 4 of that at P. 

6. The filver'd Ellipſis on the Lid of the Box is divided 
into 100 Parts, ſhewing the Anomaly of the Comet; and a- 
bout the Axis of the Wheel G is placed a Silver Circle, di- 
viced into 753 equal Parts, enting the Years or Period 
of the Comet, with a proper Index, pointing to thoſe Di- 
riſans, by which Means "tis eaſy to ſhew the ſeveral Fer. 
ticulars relating to the Theory of Elliptic Motions, whether 
of a Planet or Comet. 

7. The ingenious Artiſt (before mention'd) Mr. J. NAL, 


has in his Planetarium placed the Orbit of the Comet © 


here d by which Means the Motions of all Sorts of 
Bodies in the Solar Syſtem are now repreſented in one Machine, 
which thing has neyer boen dons by any one, It is finiſh'd in 


a 
aMan" | 
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8 it is drawn up to the Height of three 
| CS ds, the Area of the Aperture will 
be 1 x 0,25 == 0,25 ; if the Height of the Water be 
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In WATE R-MILLS, the Momentum of the 
falling Water is the Power; the Force to be overcome 
is the great Attrition of the two Stones in grind- 
ing the Corn, c. which is effected wholly by: 
Complication of Wheels and Axles. A Query 
may here be put, Why, ſince the Power con. 
ſtantly acts upon the Wheel, the Motion of the 
Wheel ſhould be equable, and not accelerated? 
The Anſwer is, The Increments of Velocity keey 
riſing, till their Momentum is equall'd by the Re. 
ſiſtance of the Machine ; after which Equilibriun 
the Wheel goes on with an uniform Motion 
(XLV.) 


a Manner equally and elegant; and is of ſo ſimple i 
FF 
it is therefore but reaſonable he ſhould meet with Encourmge. 
ment to his Merit and Ingenuity. 

(XL J The Mechaniſm of a Water-Milldepends upon tht 
n Principles. 
. The Action or Power of the Water which drives the 
Great Wheel. Here it will be neceflary to determine its Force 
iuing out of the Aperture of the Sluice or Pen- Stock, and al- 
ſo the Velocity of its Motion when the Height is known ; and 
| the Heigh neceſſary to produce» given Ve, 

As to the Force of Water iſſuing through the Sluice, 
* its momentary Impulſe, we ſhall ſhew from H 
Principles, that it is always proportional to the Altitude of the 
Water above the Centre of the Hole thro* which it paſſes. And 
fince we know by Experiment that a cubic Foot of Water 
weighs very nicely 1000 Ounces Awverdupois, or 62,5 lb; if we 
find the Area of the in Feet and Parts, and multiply 
that by the Number Feet the Water has above the Centre, 
an Os Yu EY chat Produtt by 62, 16, this laſt Pro- 
duct will be the Force of the Water expreſs d in Pounds Aus- 


5, 
3. For Example ; ſuppoſe the Width of the Sluice 12 Inches 
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7,5 Feet above the Orifice, then 7,5 x 0.25 wlll be 1,875, 


which multiplied by 62, 5 gives 116,1875, or about 116,2 
cle. 


5. To find the Velocity, and conſequently the Quantity of 


Water expended at the Orifice in a given Time, we muſt 
conſider that a Body falls 16,2 Feet in the firſt Second, and 
acquires a Velocity which in an horizontal Direction is at the 
Rate of 32,4 Feet per Second; now let S be any other Space 
and the horizontal Velocity V ; then we ſhall have 16,2 : 


FS = V., that is Vd S =V. Now fince S = 
1,5 = Height of the Water above the Centre of the Orifice, 
therefore 64,8 x 7,5 = 22 Feet per Sechnd, the Velocity 
of the iſſuing Water 3 = 

6, This Velocity might alſo have been found by finding the 


Time of the Fall thro? 7,5 Feet; thus 16,2 : 60% :: 7,5 . * 
= 1666,6, the Square Root of which is 40% 8; now ſince 
the Velocity of ſpouting Water is uniform, there will 
twice 7,5 Or 15 Feet in 40%, 8; and therefore if 40%, 8: 15 F. 
: 60/1 ; 22 F. and a little more, the ſame as before. 

7. If the Velocity be given, and it be required to find the 
Height of the Fall neceſſary to produce it; we have from the 


foregoing Theorem (V64,88=V,) s cs ſo that if 
the given Velocity be 22 Feet per Second, then V = 22, 
s Ns nearly, the Height of the Water above 


the Centre of the Aperture. For the Velocity of Water is 
the ſame in the Fall thro* any Space or Height, and in the 
Orifice of a Sluice at the ſame Depth below the Surface. 

8. The Quantity of Water iſſuing out is thus determined 
for any ime; fince a Column of Water = 22 Feet is 
produced in 1 Second, we ſhall have 60 x 22 = 1320 Feet 
in 1 Minute, or 158400 Inches; and the Area of the Aper- 
ture being 12 „ 3 == 36 Inches, we have in that Column 
158400 & 36 = 5702400 Cubic Inches; which divided by 
282, gives 2022 Gallons, or 32 Hogſheads 6 Gallons, which 
þouts on the Wheel in a Minute. | 

9. If we now ſuppoſe this Column of Water flowing into 
the Buckets of an Overſtiot-Wheel, which is 16 Feet in Dia- 
meter, and has 30 od aa (as is the One 


for the inſtantaneous Preſſure of the Water on any Obſta- 


$2: 324 :V*; therefore JZ,4 8 = 16,2 V and ſo cc 
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chat at the Bar. Pool, by the Abbey in Nun-Eaton in Marwicl. 


22 which is reckon'd the beſt in England) then the Water 


will act on the Wheel by two Forces, wiz. of Impulſe and 
Weight. The Impulſe or 7 Sooke, were it made in a Tangent- 
Direction, and perpendicular to the Sides of the Bucket ets, 


would be equal to 1165. (by At. 4.) But ſince it runs ſome 


Diſtance in a Trough before it comes to the Wheel, and the 
Buckets are * at Right Angles, but nearly at the 


þ--: le of £2 es with the Circumference of the Wheel, 
at 


er muſt ſtrike them very obliquely ; 1 ſay, 
on theſe Accounts we muſt abate more than one half of the 
Force of Water, and may take about 50/45. for a Medium. 
10. The Weight of the Water is more or leſs in twelve 
or thirteen of theſe Buckets on the Fore- part of the Wheel, 
but moſt of all on that Bucket at the End of the horizontal 
Diameter, becauſe there no Part of the Water reſts upon the 
Perimeter of the Wheel or Sides of the Bucket, but gravi- 
tates with its whole Weight in a Tan to that Part of the 
Wheel. What that Weight in that Bucket is, may be thu; 
found. It was ſhewn that when the Engine is in the greatel 
Perfection, the Velocity of the Wheel to be equal to 
3 of that of the Water. (See Amotat. XL. 6.) Now ſince 
the Diameter is 16 Feet, the Circumference will be 50,3; 
and the Velocity of Water being 1 320 Feet per Second, 7 
that is 440, which divided by the Circumference give Br; 
Revolutions of the Wheel in a Minute. The A 
22 gives 2022 Gallons per Minute, which det h 
G giv ves 232,4 Gallons, which again divided by zo (the 
of Buckets) is 7,7 Gallons for a Backet 
Gr" Now a Gallon of Water weighs 10, 2. (for 1728; 
62,5 :: 282 © 10,2); therefore 7,7 x 10,2 = 784 l. for the 
Weight of Water in each Bucket, But as part of this Water 
runs out of the Buckets in the lower of the Where, 
and what remains gravitates in various Degrees of Obliquit 
to the Radii of the Wheel, as does all the Water in the ful 
Buckets above the Horizontal one, we muſt allow for the wo- 
tal Weight about 45 olb. (as will be found near the Truth by 
Calculation) to which if we add the 50/46. for Impulſe, tl 
whole Force of the Water on the Wheel will be 500 /6. 
12. If the Cog- Wheel be 3,5 Feet Radius, or 7 Feet 
Diameter (as in the wag rake rw ofa, then, as 7: 16: 
00/.: 1143. = the Force of the Cogs to turn the Wil 
wer or Trundle, which Force L to overcome the 
Reſiſtance ariſing from the Weight of the Stone, the Friction 


of the Geer in general,” and the great Friction of the Stout 
13. Sup 


a at 


r —oa_ Ons. Bon 


© un ww a+ £A _oA<A F,9qH# £4 


ee rw 6&5os5 ©, 0 «ww wv . iv 


+ - © 


id 


r 8212 


a AE FSI IFEII FT FOE 


Lin Fr 


TYP 
T8 


MchaNics. 


13. Suppoſe the Diameter of the Trundle 1,5 Foot, or 
18 Inches, and that of the upper Stone 6 Feet; then as 6: 


147 


15 :: 1143: 285,716. = the Force at the Periphery of the 
Stone 


If there be 48 Cogs in the Cog-Wheel, and nine 
Rounds in the Trundle, hen S 5,33 = the Turns or 


Revolutions of the Trundle for one of the Water-Wheel ; 
wherefore ſince the Wheel makes 8,7 in a Minute, the Trun- 
dle, and of courſe the Stone, will make (8,7x5,33 =) 464 
Turns in a Minute. The Circumference of the Stone is 
18,84 Feet; whence 18,84 x 46,5876 Feet per Minute, 
for the Velocity of the Stone's Periphery. 


Suppoſe the Stone contain 22,5 Cubic Feetz or its 


14. 
Weight 1942/5. then the mean Velocity of the Stone being 
that Point of the Radius 4 of its Length, conſequently 5 of the 
Velocity 876 at the Periphery, wiz. 584, will be the mean Ve- 
locity of the Stone, which multiplied by 1912, wiz. 1912x 
584 = 1116608 /5. would be the Expreſſion of the Momen- 
tum of the Stone per Minute, were it to preſs upon the Corn 
with its whole Weight, which it does not; for nearly the 
whole Weight being ſupported by the Pivot of its perpendi- 
cular Spindle, a very ſmall Part thereof is concern'd in the 
Triture of the Corn, for that is principally effected by the 
violent Rotation of the Stone producing a Centrifugal Force. 

15. This circular Motion of the Stone brings the Corn out 
of the Hopper by Jerks, and cauſes it to recede from the 
Centre to the Circumference in a ſpecial Manner; the Corn, 
while whole, cauſing the Stone to riſe a little higher above 
the fix'd Stone than it would otherwiſe do, begins to be 
cruſh'd by the Weight of the Stone gently preſſing upon it, 
and the more ſo, as it approaches the Circumference, where 
being quite reduced to Flour, it is thrown out of the Mill 
by the Centrifugal Force of the Stone through a Hole for 
that Purpoſe. - 

16, When I ſay, the Stone preſſes gently, and but wwith a 
very ſmall Part of its Weight on the Corn, it is implied, that 
the Piece of Wood which ſupports the Stone on the Pivot of 
its Spindle muſt be ſomewhat elaſtic or ſpringy, in order 
to admit of an eaſy and ſmall Degree of Motion upwards and 
downwards, as the Stone is more or leſs reſiſted by the Grains 
of Corn, by which means the Surfaces of the two Stones will 
have always a varying Diſtance, and ſo be adapted for Tri- 
turation and Comminution of the Corn in any Degree; where- 
as, if the ſupporting Piece were perfectly rigid or fix d, 
the Stones muſt always be at an equal Diſtance, and the 
Flour very coarſe, * 
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per Stone after the whole Grain has receiv'd its firſt Impref. 
nion, or ſuffer'd its firſt Comminution, And the nicer this 
Point of . is adjuſted, ſo much the more nice and exact 
will be the Work done by the Mill, or ſo much the better 
will the Flour be that is produced thereby. 

17. As the Water acts upon an Overſbot- Mill both by Im- 


pulſe and Weight, ſo does it likewiſe on a Breaſf- Mill, or that 
where the Water comes upon the Breaſt or middle Part of 


the Wheel; and here, though the Weight of the Water on 


the Wheel is not fo great as before, being contain'd in the 


Buckets of the lower Quarter only, yet the Impulſe of the 
Water is much greater, the Height of the Water being in- 


| creaſed nearly the Semidiameter of the Great-Wheel, all o- 
ther Things being equal 


18, If the Height of the Water remain the fame, the A. 
of the Pen-ſtock muſt be enlarged to nearly twice the 


. perture 
Area, that, the Force of Water may be the ſame ; and 


in this Caſe there will be twice the Expence of Water as be- 


fore; ſo that as much more Water is neceſſary for a Brealt- 


np ging; an Overſhot one, every Thing elſe being the 
19. Since the Spout of Water is in the Curve of a Para- 
bola, the Orifice through which it iſſues ſhould not be juſt 
againſt the Middle of the Wheel, for then, if it were very 
rear the Wheel, great Part of the Force would be ſpent in 
ſriking the Wheel directly againſt its Axis, and ſo would 
wake the Motion round more difficult; and if it wers not 
very near the Wheel, the Spout wonld reach only ſome of 
the lower Buckets, and none go to thoſe on the Middle, where 
the Effect would be rather greater. Therefore the Orifice 
of ihe Pen-ſtock ought to be ſituated ſome little Height 
above the Middle or Horizontal Diameter of the Wheel. 
20. In order that the Water may have the Effet 
on the Wheel, Dr. Barter has conſtru it with 24 
Ladle- Boards (inſtead of Buckets) of 18 Inches Squage ; 
theſe Ladle-Boards paſs through a quadrantal Channel of the 
fame Dimenfions, nearly, or a little more than 18 Inches 
ſquare, that the Motion may be free. The Water enter- 
ing on the Top of this Channel is kept wholly on the Boards, 
till it comes to the Bottom, where it goes off without inter- 
rupting the Motion of the Wheel. 'The Contrivance is very 
uſeful, and may be eaſily apprehended by the Scheme, where 
ADBE repreſents the Wheel with its Ladle-Boards, C 
the Axis, F the Jet or Spouting-Water, G HI the ſquare 


Channel or Trough in which the Ladle-Boards with the 
Water deſcend to I, where the Water is diſcharged 


from the 
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MECHANICS. 
21. In Fig. 2. you have a Section of the Sole or Peri- 


meter of the Wheel, and the Channel with the Ladle-Boards Pl. XIII. 
in it; thus abcd is the Sole of the Wheel, fg Bi is the Fig. 2. 


Section of the Channel open on the Part next the Wheel by 
a narrow Slit, in which A is the Part call'd the Tongue, 
which projects from the Sole to fill up that Slit, that the Wa- 
ter may not run through it; /mno ( is one of the Ladle- 
Boards put on upon the Supporter pg, which goes through 
the Tongue and Sole of the Wheel, with a Hole behind at 
q, through which a Key or Wedge, like a Piece of Wood, 
being driven, faſtens it with the. Board to the Wheel. Thus 
you ſee by this Means how great the Force of the Water 
muſt be on the Wheel, and how much leſs will ſuffice here 
than in the common Way. 

22. As to an Underſbot-Wheel, tis evident there can be 
only the Force of the Impulſe from the Water on ſuch a 
Wheel; and therefore the Height of Water remaining the 
ſame, there muſt be a larger Aperture of the Penſtock, that 
ſo a greater Quantity of Water may come upon the Float- 

in the ſame Time, to have an equal Momentum, or 
to produce the ſame Effect as in the Ovenſbot or Breaft-Wheel. 
Whence a greater Expence of Water will be made here, than 
in any other Sort of Mill, and can only be ſupplied for a 
Conſtancy by a River; and where there is not a Want of 
Water, this is the eaſieſt, cheapeſt, and molt ſimple Structure 
a Mill is capable of. 

23. In this Caſe, the Float-Boards are to be placed per- 
pendicular to the Sole or Periphery of the Wheel, becauſe 
when they come into a vertical Poſition at the Bottom or 
loweſt Part of the Wheel, they will then receive the hori- 
zontal Impetus of the Water directly, and therefore with the 
greateſt Force, If the Water-Courſe be ſufficient to cover 
the Float-Boards, that is enough; all that is more, runs waſte, 
either by the Sides or under the Floats, or both. 


24. Let XYZ be an Underſhot-Wheel, and HC the Fig. 3. 


Water coming upon it in the Direction HC. Now if there 
were ſo few Float-Boards, that when one, as DE, became 
vertical, the next on each Side IK, LM, ſhould bur juſt 
touch the Surface of the current Water, then would the Water 
ſtrike the ſaid Float-Board D E with all its Force. But when 
the two Floats K and E come into the Situation C and G, 
then will the Water ſtrike but a Part of the Float C, vi. BC, 
and that too obliquely, which is to be eſtimated by AC, the 
Sine of the Angle of Incidence; and ſince we ſuppoſe the Section 


of the Water equal to the Area of a Float-Board, tis plain 


the Float C will intercept the Water from the Float G, fo 
L 3 chat 
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that none can ftrike it; and therefore the Force of Water will 


every where leſs than upon the Float - Board in the Site 

E. So that the Force upon the Wheel will always be 
fluctuating between AC and DE, which will be the two Ex. 
tremes | | 


many, that while one i; 


Float ; and cannot be eſteem'd a Negative Quantity, as ſome 
have aſſerted. fad 
26. Since many may be curious to know how the Force of 
Impulſe and Gravity of the Water in the Buckets of an Ower- 
— Wheel is to be computed or eſtimated to a mathematical 
„I ſhall here give the Method, and illuſtrate it bya 
Scheme. Let A, B, C, Sc. be the Buckets of an Overſhat- 
Wheel, (having twenty-four in all) inclined to the gn =» 
in an Angle of forty-five Degrees: Thoſe with Dots or Points 
repreſent the Buckets with the different Quantities of Water 
they contain, among which the largeſt Dots in the Middle re- 
preſent the Centres of Gravity of the ſeveral Bodies of Wa- 
ter. Now ſuppoſe the Water comes upon the uppermolt 
Bucket A in the horizontal Direction X A, though by its Cur- 
vature at entering the Bucket it cannot ftrike the Side of the 
Bucket directly, yet, ſince the Side of the Bucket obſtructs 
and ſuſtains the ſaid whole horizontal peicuſſive Force, and 
that under an Inclination of forty-five Degrees, we may con- 


. clude that half that percuſſive Force is ſpent in turning about 
the Wheel 


27. As to the Force ariſing from every deſcending Bucket 
of Water, it may be eaſily determined by finding the Bulk of 
the Water in each Bucket, and multiplying that into the per- 
pendicular Diſtance of the Line of Direction of the Centre 
of Gravity from the Centre of Motion. Hence, with reſpect 

the firſt Bucket A, fince its Centre of Gravity atts in the 

irectjon VN, that is, perpendicularly on the Centre of Mo- 


tion, that Product, or the Weight of that Bucket of Water, 


will avail nothing to move the Wheel round, as being wholly 
ſupported on the Axis of Motion. Pow EL 

28. But the Water in the ſecond Bucket B gravitating in 
the Direction R O, at the perpendicular Diſtance NO 
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| MzncHaANiICS. 
che Centre, if we multiply its Maſs or Weight into the Di- 
ſtance NO, we ſhall have its Momentum or Force to move the 
Wheel; and ſo of any other. Here we may obſerve, that 
2s the Water in the Buckets decreaſes, the Diſtances increaſe 
from the Centre, in the upper deſcending Quadrant; and ſince 
che Diſtances increaſe much faſter than the . decreaſe, 
the Forces will increaſe till we come to the horizontal Bucket 
SF, which is half full of Water; from thence it decreaſes to 
the Bucket I, where all the Water runs out, as being parallel 
J with the Horizon, or Diameter K M. And hence we ſee four 
J Buckets on the lower deſcendi t carry no Water, 
J when they are inclined to an Angle of 45 Degrees, 
29. I ſhall here ſubjoin a Specimen of the Computati 
J ſuppoſing the Wheel and Buckets ſuch as in the Scheme, 
the Quantities of Water, and Diſtances of their Centres af 
Gravity the ſame as in the Table below. 
Water in Diffances from Momenta of” 
the Bucket. the Center N. each Bucket. 


= 1,00 x O = 0,00 
B Z= Oo g x NO=Z 0,3 = 0,27 
C= 0 RF 06. a6. 
D=0o,7 x NQ = 0,85 = 0.595 

2 0, x NL = 0,95 = 0,57 
Fo, x NM = 1,00 == 0s 
G=0,4 x NM = 1,00 = 0,4 
H= e,: x NL =0,9; = o,lg 


— 
The Total of all the Buckets = 3,005 

That is, the Momentum of Water in all the Buckets is equal 
to the Momentum of three Times the Water contain'd in the 
— and hanging at the End of the horizontal Diame- 
ter | 

30. I ſhall conclude this Theory of Vater- Milli, with a 
Deſcription of Dr. Barker's new-invented Mill, of the moſt 
ſimple Structure of any yet made, performing its Effect with- 
out any Wheel, Trundle, Cog, or Round ; the Nature of 
the Machine, and Manner of its Operation will be eafy to un- 
derſtand from the following Account of its ſeveral Parts. 

31. ABCD is an n. 


or Tube, fix'd at the Bottom to an horizontal Square Trunk 
IK; which Trunk, ther with the Tube, is fix d to an 
upright Spindle or Axis RS, by means of a Nut and Screw at 

. he lower End of the Axis on a ſine Point moves in the 
Pivot Hole in the Part of the Frame at T'; on the upper 


L 4 | 


Part of the Frame is a Hole thro* which the Spindle pes 


t Frame ſtanding on a proper Baſe ; pi. 
EF is the wider Part of GH an upright hollow Pipe Fig 
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alſo thro' the round circular Piece P f d on the faid Frame ; 
on the Part of the Spindle is fix d another round circu- 
lar Piece O, which repreſents the upper moveable Stone of the 
Mill. Qis a Spout of Water filling the Tube or Trunk, ard 
giving Motion thereto, and conſequently to the Axis and up. 
per Stone, by the horizontal Jets of Water from each End of 
the Trunk I K, thro' Holes made at each End on contrary 


32. While the Holes continue ſtopp'd, the Trunk will be 
at reſt, becauſe then the Preſſure is equal over all the Parts; 
but when the Holes are open, the Preſſure of the Water (by 
its having Liberty to iſſue out) will be leſs on that Part where 
the Hole is than on the other Part oppoſite to it ;- which ſtron- 
ger Preſſure will prevail, and carry round the Trunk and Tube 
with the Axle and Stone, in a contrary Direction; and each 
Hole contributes to produce this Motion, which will be grea- 
ter or leſſer in proportion to the Momenta of the Jets of Wa. 
ter, or greater or leſſer Aperture of the Holes. 

33. For tis eaſy to underſtand, that the Power of this 
Machine is derived from, or depends ypon three Things: 
(1.) The Velocity of the Spouting-Water ; (2.) The Quan- 
tity thereof; (3.) The Diſtance at which the Water 
ſpouts from the Axis of Motion, The two firſt make the 
Momentum ariſing from the Preſſure of the Fluid, which is 
E Altitude, or Height of the Tube; the 

is of a Mechanical Nature, for the Trunk is in this reſpect 

of the Nature of the Lever. 

34. In the Lecture of Hydroſtatics it will be ſhewn, that 
the Velocity of the Spouting Fluid will be as the Square Root 
r E 

in t cate” Ratio of the Height of the Tube. 
tity of the Spouting FIN will be alto un che fame 
Wl dom ne Ly LIE 

gnitude, it will as the A N i 
* given. Therefore the whole Momentum ariſing 
and 
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hydroſtatical Princip! es will be as the Altitude of the 
Sum of the Apertures conjointly ; and if this be multi- 
ied by the Di of the Aperture from the Centre or Axis, 
ſhall have the Expreſſion of the whole Force of the Ma- 


That is, if H = the Height of the Fluid, A = Sum 
he Apertures, and D = Diſtance of each from the 
ſhall have the Momentum M by M = 

Hence we fee that the Trunk IK is analogous 

the great Wheel of a common Water-Mill, whoſe Force 

in the ſame Manner computed from the Height of de Flu 
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the Aperture of the Sluice A, and the Diſtance or Radius 
Wheel D. | 
36. For bath in the common Mill and this, if the A 


and the 
the Diameter D of the Wheel, or Length of the T 
this new Mill. 

37. I ſhall now give a Calculation of the Power of this 
Machine; and in the firſt Place, let us 2 
the Tube to be 9 Feet, and always full of Water; the Velo- 
city of the Spouting Water will be the ſame that a Body will 
acquire in falling 9 Feet, wiz. an uniform Velocity of 18 
Feet in the Time of the Fall; which Time is thus found, as 


16: 9 u 1% 2 2 = the Square of the Time, whoſe Square 


Root is }, that is, 4 of a Second. Therefore ſay, as  : 18 :: 
1: 24 ; the uniform Velocity is at the Rate of 24 Feet per 
Second, in the Spouting Water, from 9 Feet Altitude. 

33, Let the Aperture at each End of the Trunk be 6 Inches 
Square, then in both there will be 72 ſquare Inches, or half a 
ſquare Foot in Area, The Water iſſuing out in a Second at 
both Orifices will be equal to a Column 24 Feet long, and 4 
a Square Foot in Baſe; therefore the whole Water will be 
equal to 12 Cubic Feet. The Weight of one Cubic Foot is 62 3 
1b; wherefore 62 4 x 12 = 75046. is the Force acting on 
the Trunk, ſuppoſing the Depth of Water only one Foot; 
but fince it is at the h of 9 Feet, we have 9g x 750 = 
c 


9. Let us now ſuppoſe the Length of the Trunk to be 
6 Feet ; then the Motion is made by a Power of 6750 lb. act- 
ng at the End of a Lever three Feet long; conſequently 
0750 x 33 20250, the e of the Wheel pur Be- 


40. Now the Velocity of the Trunk at the Orifices will be 
the ſame as that of the Water nearly, while the Mill is not 
paged; but that of the- Water is 24 Feet per Second, and 
the Circumference which each Orifice deſcribes is 18,84, or g 
Feet nearly; therefore the T'rank turns round a little more 
than once per Second. But when the Mill is charged with the 
None, Corn, &c. the Velocity will not then be ſo great; and 

we 
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common Mill, if placed in a horizontal Situation, and 
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we have ſhewn ( Arnot. XL. 6.) that it ought not to be above 
J Part of chat of the Water, wiz. at the Rate of 8 Feet je, 
; but let us ſuppoſe it a little more, wiz. 9 1 Feet; 


then will the Trunk move round once in two . 


41. If we ſuppoſe the Stone 6 Feet in Diameter, its Velo. 
city in the Periphery will be the ſame with that of the Trunk ; 
wiz. 91 Feet per Second; but 5 of this is the | 
pI re 
Suppoſe the i Stone 191 2 4b, und 
— for Fiftion, vis. 637 1b; then 6,3 x 637 = 
4015 . = the Moment of the Stone by its Reſiſtance ari 
from 3 of its Weight; but this is only when the Stone is 
into Motion; after it is in Motion, this Momentum is preat- 
lefſen'd by the Centrifugal Forces; and therefore if we 
allow 4000 {b. for the Momentum ariſing from the Weight of 
of 


SE 
T6 


an 
from 

43. I ſhall only obſerve further, that there 
chanical Purpoſes to which this Invention mi 

ſervient, as it has ſo great a Power of Motion in fo eafy 
fimple a Structure: And alſo, that the Water-Wheel 
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Sluice ſo order'd as to throw a Side-Jet in a Tangent - Direction 


cumſtances nearly as the Trunk of this New Mill, and there. 
fore might be made to anſwer all the ſame Intentions, and 


mult be as much longer than the Jets, as its Velocity 
leſs ; becauſe what is deficient in one Reſpect muſt be made 
in the other. There are ſeveral other Circumſtances and 

articulars, which may deſerve to be conſider'd, when it al 
be found to anſwer any valuable End, beyond that of mere 
Speculation. Is 
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MzcHANICS:. 
Is WIND-MILLS the Mechaniſm is the 
fame, only the Vanes or Sails are to be conſi- 
der'd as a Wheel on. the Axle, actuated by the 
Power of the Wind. In this Machine we have 
only to conſider the Poſition of the Sails, and the 


Power of the Wind. As to the former, if the 


Sails ſtand right before the Wind, it cannot af- 
ſect them at all; if they ſtand direct to the Wind, 
the Mill will be blown down, at leaſt the Sails 
can have no Power to move round; they muſt 
therefore be placed oblique to the Wind, and that 


under an Angle of 54 Degrees and 44 Minutes, 
for the greateſt Advantage (XLVI.) 


(XLVI) The internal Parts of a Wind-Mill are the 
{ame with thoſe of a Water-Mill nearly, of which I ſhall 
take no farther Notice, but ſhall confine myſelf to the The- 
ory of the Sails in regard of their Poſition, Motion, and Fi- 


5':. In regard of the Poſition of the Sails we muſt conſider 
that if they are placed Direct to the Wind, or at Right Angles 
to the Axis of the Mill, they will receive the whole Force of 
the Wind, which in this Caſe will tend to blow them forward, 
and conſequently to blow down the Mill; which Poſition of 
courſe cannot be admitted. 

2, If the Sails are ſet Right to the Wind, or parallel with 
the Axis of the Mill, tis plain that in that Poſition the Wind 
cannot act upon them at all, and therefore they cannot be 
turn d „ nor the Mill put into Motion; which Poſition 
of the Sails muſt likewiſe be rej 

3. Since neither the Direct nor Right Poſition of the Sails 
will do, an Oblique Pofition muſt, as there can be no other. 
Now to ſhew that an Oblique Poſition of the Sails will turn 
the Mill, let AB be the Axis, CD a Sail, and its Angle of 


Obliquity (wiz. that which it makes with the Axis) be ECG ; pj 


then if GC be the Force of the Wind in the Direct Poſition 
of the Sail, G E will be the Force of the Wind in its 

Poſition (as being the Sine of the Angle of Incidence GCE). 
But the Force GE is reſolvable into twoothers, EF and GF; 
of which the latter, being parallel to the Axis, — 
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thing in turning the Sail about it; but the other, E F, being 
thereto, is wholly ſpent in compelling the Sail 

to turn round which was the Thing to be ſhewn. | 
4. The Force of the Wind on the Sail will be as the Square 
of the Sine of Incidence, or as GE* ; for the Force of 
each fingle Particle of Air will be as the Sine GE, (by 4s- 
nor. XXIV. 6.) and it will be alſo as the Number of Particles 
which ſtrike it at the ſame Time, which Number of Particles 


is alſo as the Sine of Incidence GE. For let CD repreſent 


the Section of the Sail in a Direct Poſition, and CG the ſame 
in an Oblique Poſition, tis plain the Number of Particles 
ſtriking it in the former Caſe will be to the Number ſtriking 


it in the latter as CD to CF, which is equal to GE the Sine 


of Incidence ; for all the Particles between AD and BF will 
not come upon the Sail in the Oblique Pofition CG, Since 
then the Force of the Wind on the Sail is on two Accounts 
as GE, it will be as the Square of the ſaid Line GE. 

5. If we ſuppoſe the Velocity of the Wind to vary, the 
Force thereof wall be as the Square of the Velocity ; for the 

ter the Velocity, the greater will be the Stroke of each 

e Particle, and alſo the will be the Number of 
Particles coming upon the Sail in the ſame Time; the Force 
will be therefore as the Squares of the Velocity. 

6. Again, if the Area of the Sail be variable, the Force 
of the Wind will be directly as the Area or Superficies of the 
Sail, — — ——— — mr 
upon it will always be proportional thereto, eq 
the Force with which chey firike it. Hence, if A, 8, and V 
repreſent the Area, Sine of Incidence, and Velocity of the 
Wind on one Sail, and 4, s, v, thoſe on another; the Force 
compelling the former to turn round will be to that compel- 
ling the latter, as AxS* xV* toaxs* x0*. 

7. When the Ares of the Sail and its Poſition in reſpect 
of the Wind continue the ſame, the Force which turns the 
Sail will be as the Squares of the Yelecity; and fince the Wind 
ſcarce ever blows with ons uniform Velocity, but varies wie 
almoſt every Blaſt, the Force the Sail wi much more 
— ond * the Action or Working 
of a Wind- Mill cannot be ſo equal, uniform, and ſteady as 
that of a Water-Mill, whoſe Power is always of the ſame 
Tenor, while the Jet of Water is ſo. ; 

8. IF the Area of the Sail and the Velocity of the Wind 
be ſuppoſed conſtant, the Force of the Wind in the Direct 
Poſition will he to that in the Oblique one as G C* to GE » 
us we have before ſhewn'; and it has been alſo men 10t 
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that Part of the Force which turns the Sail is by 
EF, when GE is the whole Force: But GE : EP (a GC: 


E': CExXGE 
c B * TC 
the Sail, when the whole Force is repreſented by & E., as is 
ber the proper Expreſſion of it. 

* This Repuajew SEN GE. x GE | cine from Nothing when 
of Tycidence begins 15 be oblique, and increaſes 


| Ob je to a certain Number of 
- Wee de Piet org ad, which is parallel to 


ts Ab becomes lefler in proportion to that which is perpen- 
dicular to it; but after it has paſs'd this Limit, it again de- 
creaſes, and becomes Nothing, when the Angle of Incidence 
naiſhes ; as is eaſy to underſtand by confdering that the 
Qty of Wind 0p the Sail does in this Caſe continually 


10, es, 3s therefore one certain Poſition of the Sail, in 
which the Force of the, Wind is greateſt of all upon it, or a 
Maximum ; and to find it, put Radius G'C = a, es 


ad we have GE = 44 — xx, 1 


bee — — ns whict muſt gy” 


Therefore its Fluxion Frm 
jxx, and ſa x = , which in Logarithms is 
3 


20,000000 — 0, 477121 9.761439 be 1 


2 

nthm Sine of the Angle 35* 16/ = por ap Bear's 

fore the An ECG is equal to 54* 44, when the Force 
required. 


of the Wind is a Maximum, as 


11. The Angle now found, is that which the 
Wand the u de e the tals Metin * bet fs 
the Angle which gives the Farce of the Wind a Maximum 
upon the Sail when in Motion. What this Angle is Mr. Mac 
Lawin has ſbewn in bis Book of Fluxioxs, to which I refer 
the Reader. 

i2. Mr. Porext bas allo fhewn that an Elliptic ic Form of 
the Sails is better than the Parallelogram 2 85 Square; and 
. or long aur; 
die withrits longeſt Side or Diameter parallel to the Axis of the 
bail; but, on the contrary, it ought to be perpendicular to it; 
ta they ought ta be of loch a Form, and placed in fuch 
a Manner, 
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a Manner, as in the Figure; and after the 
U — 
they are then to be turn'd about, and fix'd under the proper 
Angle of Obliquity above-mention'd. 
13. There are three Things yet wanting to the Perfeftion 
of a Wind-Mill. The Firf — in the Ne 
wok regulate the Motion of the 'Train, under the 
— — of the Wind. The Second is, 
to ſupply the Hopper or Stones with 
fone oker Cones i ſap the to the er or lf 
of the Wind. And, Thirdly, a Method of alter- 


fake 


ivg the Angle of che Sail's Obliquity from its Maxime of 


801 44' at the Beginning of the Motion to its Maximum when 


By mend of an Avemeſcope (hereafter to be deltited) 
be eaſy to prove by Experiment what Form of the 
, that is, whether Rectangular or Elliptical, whether the 
or Horizontal Poſition of the longeſt Diameter, and 
{He Sik Bl be . alſo whether the Sar- 
of Tip of thi . ty plain or concave, with many 
But this muſt be done by as 
r eee, of in other Words, you muſt 
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AC, or CE, is call'd the Naas of the Circle, which is 
the ſame thing as the Semidiameter. 

17. If che Circle be divided ind four equal Parts, AD= 
DE=EF=F A, by the two Diameters AE, DF; then 
each of the Areas A C D, DCE, ECF, FCA, are call's 
272 — or Quarters of the circular Space; and the Parts 


the Cirde A B, DE, EF, FA, are call'd Quadra 


Arches, or or Quarters of the Circle, | 
18. Every ircle, great or ſmall, is fuppoſed to be divided in- 


to. ual Parte, call'd Degrees; conſequently each Quar- 
1% AD, DE, G. 7 cee er fe 7 as 13 
evidemby repreſented by gh lng Fall Gel f Fig. 75 K 
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BC and FC meet in a Point C, the 
between them is call'd an Angle ; and 
Angle is the Number of con- 


7 


on the Point C, it will make the on one Side GCB 
equal to the G CA on the other Side, becauſe each 
is equal, to Such an- Angle is call'd a Right 
3 and Line GC is then faid to be perpendicular ta 
Nie Angle FCB hich is leſs than a Right Angle 
21, which is a t 
or Degrees, is call'd an Acute Angle: and Angle 
HCB, which is greater than a Right Angle or 9o Degrees, 
is all'd an Obtu/e Angle. Again; the Arch ID is call'd the 
of the Arch E I to a Quadrant E D, or go De- 
; and the Arch A K is call'd the Supplement of the Arch 
K to a Semicircle E DA, or 180 
22. If from the Point I be let fall the Perpendicular IL 
to the Line or Radius E C, then is that Line I L call'd the 
due of the Angle ICE or FCB. In the ſame manner the 
Line IM is the Sine of the Complement-Arch I D, or An- 
ICD. But inſtead of Sine-Complement, we ſay, in ſhort, 
ine: Thus we fay that I L is the Size, and IM the Co- 
due, of the Angle ICE. The Angle FCB is call'd the 
lxlination of the Line FC to the Line BC; and the An- 
FCD is the laclination of the Line FC to the Perpen- 
cular DC: That is, FC is inclined to BC in an Angle 
of 40 Degrees, and to DC in an Angle of 50 Degrees. 
oth Sines of Inclination- re- 
ely. | 
23. Hence, when we ſay, The Force of a direct Stroke is to 
that of an oblique one as Radius is to the Sine of Inclination, we 
only mean, that thoſe tities are to each other as the Ra- 


dias IC to the Sine IL, or IM, according as the Inclination 


towards the Poles, in pro- 
the 
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tet NN CE or Ct 
contains 100000. And it is of the teſt Uſe to 
know the of Radius to the Sine every Degree, 


Dear and a Specimen of in 
1 * 


Tinte b B b Para: b Fa 


SIS of 1 174593 5255 37 


2 3483 053420203806 

A 0 

F 697 5142937460 

8715123139073[41 | 
10452]: 40673142 


E 
il. 
| 
47 L 
$713 © 
ifs! 
|. 
1 8 4 
"2g; The Ule & thi Table will be obvious from two or 
che Examples. It was obſerved, that the Power is to the 


any Inclined Plane I C, as the Height 

Plane IL to che Length thereof IC ; that is, as the 
Sine of the Plane's Inclinatin to the Radius Suppoſe the 
Angle of Inclination ICE = 40 , then will the Sine 


which Numbers are'as 64 to 100 ; therefore 100 Pounds will 
be ſuſtain d on the Inclined Plane by s Power equal to 64 


EC = 100600 ents the centrifu- 
* will IM = 76604 {the 

of 40) be as the ſaid Force 
Numbers are as 1000 


- 27. In the fame Manner, if the Radius CD = 
expreſs the Force of any dire# Stroke, 
— ve of the Force © 


My HANIS $ 
28, Again; ſince the Force of 2 Stroke is 


by CD== 100066, if it were ri 0 n „ Al 
Obliquity, ſuch that the Farce 8 


* my Part ſo or 25 in the able 
Number Mager es d 556 n perceive K lie Fa 


= a r: Fg yen 


2 . 5 


ee 


which are 5 
and 2500000000, which Squares are as 50 to 25, or as 2 


* dee the Power of he Wink is twice as great 


the Eno of the firſt Angle bythe Fa 
the latter go000, the . 


upon an Angle of 30. 
pane hrs ergy oP the - Sine of 45 .- 
e lis that Square will be 10060000006, which 

equal to the Square of Radius 100000; tis evident 
of the Squares of the Sines of any two Angles above. 4.5 Dee 
will be greater than the Square of Radius; and therefore th 
Force of the Wind upon two oblique Sails, in that Caſe, wil 
be greater than upon one; Sail ſet fired before the Wind. | 
31. After the fame manner, the Table of Sines may be ap- 
pled to Calculation in any ocker Caſe of the lite Nature, where 
the Proportion of Radius and Sine of an Angle is _— to 
be expreſs'd or ſtated in Numbers. And het 
k divided into 60 equal Parts or Minutes, therefore U ine 


of any Number 5 and Minutes alſo may be cafily 
e 882 foregoing i by thoſe who underſtand the 


32, I hall — N ee that as ILis the 
Size, and-L M the Co-Sine; of the Arch TE; ſo if on the 
extreme Point E of the Radius CE we raiſe a iculat 
which ſhall cut the Line CT, continued, in F, then is the faid 
Perpendicular, E F call'd the TAN OUT of the Angle ICE; 
and the Line FC the SEcant of the ſame Angle. In like 
manner, the Perpenditular D G is the Tangent of the Angle 
De, and G C the Secant thereof; and therefore D G js the 
C. Tanger, and G C the Co-Secant of the Angle ICE. T 
thought j it nec to acquaint the Reader with theſe Def ⸗ 


K becauſe ſometimes occur in Treatiſes of this 
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I is to be obſerved, that in order to turn 2 
Ship about in the beg Time, or with the greac 
Celerity poſſible, the Rudder ought to make an 
Angle with the Stern of 54 Degrees, 44 Mi- 
nutes: And alſo, that this is the Angle which 
the Gates of 4 Lock upon a. River ought to 
make with che Sides of the River, in order to re 
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PI. XIII. Lyn) 1. If ABy be the Rudder of a Ship AH. 


placed in the oblique Situation F C, and the Water ſtriking 
againſt it in the Direction G C; let CE be Radius, 
, the Sine of the Angle of Incidence will be F E, and ſo 


Force of the Water againſt the Rudder will be as F 
but EF is reſolvable into the two Forces FD and DE, 
to 
is 


which the latter is 27 
Direction of the Ship's Courſe, and FD 
only Part of the Force that compels the Ship to turn round. 
„ CF EF * 

, 


j! Bat EPis t FD (: CB: EF: 

is (putting CE = 4, CF= 2) w and fo x will 
be found (by the Method de Maximis & Minimis) equal to 
v2; and therefore the Angle of Incidence ECF= 54 


bet when the Force of the Water againſt the 
Rudder to tarn the Ship is a Moximpay, | 
2. After a like Manner we determine, the Angle of Poſi- 
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fiſt. the Preſſure of the Water with the greateſt Force poſlible, 
Far if AB we deſcribe the Semicircle A DB, and con- 
; AE w D; then the Preſſure of the Water againlt the 
Gate AE will increaſe with the Length of the Gate, and 

the Refiftance of the Gate will decreaſe as the Preſſure in- 
— — * 


the Length of the Gate, or 8s 
* 3. Again, the Reſiſtance will be diminiſh'd as the Length 
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of the Gate increaſes, inaſmuch as the Strength of the Gate Pl. XIII. 
will be diminiſh'd in that Proportion, therefore it will be on Fig. 16. 


this Account alſo a5 T-: conſequently the Refiſtance of the 
Gut on both theſe Accounts will be as ==. 
4. Join BD and EC perpendicular to AB; then we have 
AE :AC":AB' : AD' ; and here, becauſe AB de- 
cteaſes as A E increaſes, we ſtall have the Refiſtance ex- 
preſs'd by A D*, 

5. But this B 
of the other Gate, which let BE; this Ob- 
lque Force BE is reſolvable into two Forces B D and DE; 
which latter, as it is parallel to the Gate AE, avails nothin 
but the other B D being at Right Angles thereto, is 
ſpent in reſiſting it; therefore the whole Reſiſtance the Wa- 


ter meethpvith from the Gate AE, is a8 KB x BD. 

6. This Expreſſion, therefore, is to be determined to a 
Maximum ; in order to which, let AB =a, BD= x, and | 
then AD' = aa — xx, and fo KB „BDS aax— 


| | ſas 
* whoſe Fluxion aa * — 3xx4=0, gives x = . 


Rn ny BAE = 35*, 10, as in the Exam- 
above. 

7. Since we are the Subject of Maxim, I ſhall 
here add Examples of two or three other Caſes of the ſame 
Kind, which 'tis hoped will be acce to the Curious, 
and yet not beſides the Purpoſe of ical Gentlemen. 
Let BB be a Piece of Wood placed horizontally, and fu 
ported by the Pieces A B, A B, which make a given 
ABC with the former; it is required to find the Poſitions 
of two other Pieces AC, AC, given in Length, ſuch that 
£227 ſhall ſupport the Piece BB with the greateſt Force poſ- 

e. 


8. The Pieces A C, are fix'd in A and C ſo as not to (lip, * 
they are ſuppoſed to have no conſiderable Weight. Then 
make B H= A C, and from the Points A and H draw the 
Lines AG, HK, at Right Angles to BB. If AC ex. 
Preſſes the abſolute Strength of the Piece A C, then AG will 

expreſs the Strength with which it ſupports the Piece BB, as 

PR Fj perpendicular thereto. , No) AG multiplied by the 
Leferto B. from the Centre of Motion B, (which 
expreſſes the Momentum or Force of the Piece A C] ought to 


- 
„ „ 


a Maximum. * 
M 2 9. To 
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9. To this End, put A C a, AG =#; adſo HK, 


| and K Br then GCS aa— xx, and becauſe of 


the fumilar Triangles HK B, AGB, we have HK : KB 2 
AG: o =. and ſo BC= „5 


* 
7 * * * 5 
„0 * 


AGR B So e whoſe Fluxion made 


; \ 


* * 47 
equlianadiag in /2am=na—; — 


aa "RT 


= . 


* 
A = 


50. ee — 


Vas 


» KS ai * 


42 i © . 


"2m „ men 
4 . — e „e 


a? Gus z hart oa? e 


And multiply TD — Eee as er + . 
ing by #* - N 
r becauſe ET HR ＋ Kü., 
Therefore n*a* — 4n*a* x* — a *x*+a"x* =o. 
8 1 4 — 42 * „Ae. 
WI * 2 —4 2 r — 
4 =—as). 


— by e. *. * 


. tome 
But it is aa — 2 * =aam* TZ. 
. 93 X 
Square — 3 — aa = =} 4%. s EET 
Wherefore x* =4 4a == om ; and ſo & = Toa an. 
11. Hence 'tis evident if m ( BK) = 0, in which Caſc 
the Angle A BC is a right one, then x V Ta «, and there- 
fore the Angle A CB will then be half a right one, 1 a 
grees. 2 
12. Since the two Values of x, vie. V +4 — 
44 ＋2 being ſquared, and the Sum of thoſe Squares 
r vx. aan z 06 


+45 
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Tn g 44, therefore the two Angles, of which x is the 
Sine, are Complements to each other. Thus ſuppoſe the An- 
gle AB C obtuſe, and = 120 Degrees, or the Angle AB G 
= 60 Degrees; then BE =m =4@, and ſo AG =# 
= Va a = - 142 — + a, therefore the 
Angle ACB is = 3o Degrees. But if the Piece A C be pla- 
ced on the other Side AB, then x = Laa+am= 
Via a, and ſo the Angle AC B would in that Caſe be = 
60 Degrees, and conſequently equal to the Angle AB G. 
13. If the Angle ABC, inſtead of being obtuſe, were 
acute, and the Complement to this, we ſhould have AG x 


BO=x D a Maximum, which would 
in Flaxions, give the ſame Value for x as before, vis. 
Via San, which if ſubſtituted for & in the above 
Expreſſion, will giv eee Tere Doens, where tis 
plain if x = 4 — am, the greateſt Force will be 
2an* þ a*m — ay 1 if . Te Ter, * 


X = 


. | 27 
V iaa—am is the Sine of 30%, and x = Vjaa + am 
i; the Sine of 60® therefore the Piece B B is ſupported with 
the greateſt Force by the Piece A C when placed on that Side 
Bon which the acute Angle is. 4 4 ; 
14 If AG be a Piece of Wood of an indefinite Length, 
and fu d in A, ſo as to make a given Angle GAD with the 
horizontal. Line A D; let it be required to find the Poſition of 
mother Piece DE, given in Length, ſuch that it ſhall ſup- 
£29: Free AG wh the greeelt poiſe Farce.” To this 
make AC= 4, and from B let fall the Perpendicular C B: 
then ſince the Angle A is given, the Ratio of CB to ABis 
given alſo, which let be as = to n that is, let CB==#, and 
AB=m; from the Point D draw the Perpendicular D F 
(Se) to the Piece AG. Then if DE(=4) expreſles the 
whole Force of the Piece D E perpendicularly, D F 
a expreſs that with which it ſupports A G ; therefore D F 
Rultipled by the Diſtance from the Fulcrum A, ar Lever AE, 
ought to be a Maximum. ww : 
15. Now from, the ſimilar Triangles A CB, ADF, 


Wa | . | * * 
Ke have” CB: B A DF: FAS, a FE = 
W nei 0127209 ee 


—— ³•.—̃. —ð4wöJ— 


M 3 v aa — XX» 
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Vaa —xx, therefore AE = Vas m xx + =x, which 
multiplied by DF = x, is AE x DF = xVaa—xz: + 
Lee, whoſe Fluxion made equal to nothing will give x = 


VTIZEE 7s, a before. If the Angle ADE be acute, 
the Point E will fall between F and A, and we ſhall have 


4A 2 ZN E Dr 


— x Vaa—xx, which fluxed will give the ſame Value 
of x as before found. | 
16. In each Caſe, tis plain x = V 4 aa + am = Sine of 
60 *, - muſt be the Maximum, which if ſubſtituted in the 
| — , 
Expreſſion a 424 — 44 + = 2 7 the Angle 
. . 222 aan 2 amm __ 
ADE is oblique,) will give nn = 
Force of DE which ſupports the Piece AG. But if 
Tas + am be put for x in the other Expreſion — 
| n 
* a r, we ſhall have for the faid Force 
(when the Angle is acute) - — — which 


2 * 


is lefs-than the other Forces; and therefore the latter Paſition 


i leſs advantageous than the former. 


17. I can't conclude this Speculation of the Maxime and 


| Minima of Quantities, withaut obſerving to the Reader, that 


plate XI. 


Pig. 5. 


h the Method of diſcovering thoſe by Fluxions is a Part 
of which the Mathematicians have but lately ac- 
qu'red, and which they eſteem the Sublimity of human Science, 
yet this very Thing was imparted to the Er/e# Tribe at the 
firſt Creation of Things; for by this very Method it is that 
Bees conſtruct the of their Combs in which they depo- 
fit their Honey. 

18. Each Cell conſiſts of fix plain Sides, which are all 


Ty 
Ce 
and FIHG, fo diſpoſed as to conſtitute a Solid Angle 
under the three equal Angles DIH, DIF, and HIF; each 
of which is double the Maxitum” Angle of 54 — 44 
DIK=DKI. Hence it, comes to paſs, that ales Quan. 


® ty of Surface is. ſufficient to contain a given Quantity of 


Honey, 


/ 


MucHANICS. 
'T $H4ALL conclude this Lecture with a few 


Words - concerning WHEEL-CARRIAGES, the 
whole Doctrine whereof (as it ſtands on a Mathe- 
matical Theory} may be reduced to the follow- 
ing Particulars, viz. (1.) Wheel-Carriages meet 
with leſs Reſiſtance than any other. (2.) The 
larger the Wheels, the eaſier is the Draught of 
the Carriage. (3.) A Carriage upon four large 
Wheels, of equal Size, is drawn with leſs Force 
than with two of thoſe Wheels, and two of a 
leſſer Size. (4.) If the Load be laid on the Axle 
of the larger Wheels, it will be drawn with leſs 
Force than if laid on the Axis of the leſſer 
Wheels; contrary to the common Notion of 
loading Carriages before. (g.) The Carriage goes 
with much leſs Force on Friction-· ¶ boels, than in 
the common way; all which will be confirmed 
by Experiments (XLVIII.) (XLIX) Fo 


Honey, than if the Bottom had been flat, in the Proportion 


122 or + Part of the whole, ſo far as the Figure of the 
Ends of the Cells extends in each, which fifth Part of Wax 
and Labour ſaved amounts to a vaſt deal in the whole Struc- 
ture of the Comb.. And if thoſe Creatures knew their Ad- 
vantage, they could not more nicely keep up to the Rules of 
this ſublime Geometry | 
be © be ſuſpended by ies 100 Enas. 
tion, tif a Chain ABC beſi its two - 
it will fink down in 
form the Curve ABC, call'd the Catenaria, which if in- 
vented, would exhibit the beſt Form for an Arch of any other 
L the Demonſtration of this, we mult refer 
Inventor Dr. Gx8cory, in Phils). Trani. 


; y of Wheel-Carri 1 m0 fel 
GEM be a Wheel, ND horizontal 
1 E 


F the Height of an Obſtacle 
M 4 over 


of 4658 to 5550, as I have found by Calculation; that -is, | 
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an the Wheel arriving at the Ob- 
ſtacle, and touching the Top E, ſtands upon the Point G, 
and preſſes it with 5 whole Weight. Draw OEK, a Tan- 
t to the Wheel in the Point E, and meeting the vertical 
Pre A produced, in O, Draw the Radius E C, 
Luc. AG; and MC, # xr, perpendl. 
— E, and daten Lad to the Tangent OK. 
, draw the Radius Cm, | 
2 the Wheel gravitates in the Dire&ion CO, et 
expreſs its Weight the Point G; this may be 
©O/eprel'fs Weght pling cs of which CE preſſes 
the Top of the Obſtacle, and is wholly ſuſtain'd by it; the 
other Weight OE draws the Wheel down in a Direction pa- 
rallel to the Tangent OK. Now! let WZ CO Weight of 
the Wheel, R = Radius, H= EF. the Height of the Ob- 
ſtacle, and x =OE; then ſince OE: CO: HE: CE, 
W. HE 


we have &: W :: HE: R, whence x = —L— 3 but, 
from, the Nature. af che Circle, HES AH HG = 
VAH x Ef = 2RH — x,, therefore 0 .=x 
YE 

R 


os — Force juſt equal to this Weight x, and acting in 
poſition to it, that is, drawing the Wheel upwards in the 
Direction C M parallel to EK, will juſt be able to make 
the Wheel reſt on the Top of the Obſtacle at E, without 
S Weight"to' reſt on the 
at G 
9 Now this Forye Matt bo bsesesſeb if & ats in any other 
Diection bat that of CM; for let it draw the Wheel in 
the Direction C , between M and R, chen the Force may 
be reſolved into two others Cr, and , of which Cr dm 
the Wheel directly sgainſt the Top of the Obſtacle E, and 
ſo is deſtroy d by equal Re- action of ſhe Point E; what 
therefore remains to draw ir upwards in Direction el 
0 OK, is n, Weh ie left chan C o CM; and to be 
made equal thereto, [as t malt be to Tappert the Wheel on 
the Toplof the Obſtacle E) it maſt be increaſed in the Ratio 
of C to , witch" ler be as K to 8 (or as Radius te the 
Situs of: the Rags which the Direction of the Force makes 
wich CE). But tis plain, the Force ru cannot be inercaſedÞ 
bat te whole Force CM mult be increaſed | in the ſame Pro- 


rade enen F555 CM vie 
* | Y come 


"3 


5. In order that the Wheels may be drawn over the Ob- 
ſacle F E, it is neceſſary the Direction of the Force ſhould 
lie between C E and CA; for if it were in tlie Direction 
CE, it could only draw the Wheel upon or againſt, but not 
orer the Obſtacle; and if it ated in the Direction CA, it 
would not make it preſs againſt the Obſtacle, and conſequently, 
could never draw it over. 
W A's 3 of 

6. Let F ALLE FE RES Ga. 
den o fllin the Wheel on the Top E of the Obtfacie, tis 
evident if W, R, H continue the ſame, =. that is, the 


Force will always be leſs as the Sine of the Angle E C is _ 
ter, till n = CM, when the ſaid Force will be leaſt 
7. Wand H be given, or always the fame ; then F 


VER (or bere we fuppoſe the Force applied to draw 


Fae ELITE Direction, viz. CM, where 8 be- 
comes equal to R.) If therefore the Radi of four Wheels be 


via © LE, CB V7 


I, 2, 3, 4, then will | n? 
or as the Numbers 1000, 866, 745. 661. From hence tis 
evident how much leſs Foree is to draw a large Wheel 


over any Obſtacle than a leſſer one, when the Weight of the 
Wheels are the fame. - // 

7. If the Height of the Obſlade H be indefinitely ſmall 
and given, in which Caſe the Tangent O K will coincide with 
the kiochzontalLine-N. D, and the Point E with the Point G, 
No and the Direction of the Force be parallel to 
| \then becauſe H* is inconſiderable we 3 and the 

W 2 R 
bree, fir he bers vm le B = , (for H 


given. and therefore not erpreſt d). And if W be alſo 
2 n . 
gen, the Force will be F = $5 or F = be- 
ml 2 is a given Quancity 3 er therefore 
| 4 F= 


* 4 ui p , 1 


4 


| 
| 
| 
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1 AD." 
F N that is, in caſe of rough uneven Surfaces the 
Force to draw the Wheel will be inverſe as the Square 

of the Radkes or Dizanter — Thy if des 
Wheels are in Diameter as 1, 4, 9 ; the Force to draw them 
M | 

Ry = = 0, is, if the horizontal Plane on which the 
Wheel moves be perfeQly ſmooth or plain, then the Quantity 


v 
— V2zRH—H*' =o; whence it appears that no Force 


8 

is required to move an heavy on an horizontal 

wich even. I | -oſ 
9. eight H of the Obſtacle be proportional to the 

Na of the Wheet, thats, F H be u R and the 

Force draw in a Direction parallel to O K; then becauſe 


v2RH —H*  v2RR—RR_ Rr ws 


—_— 1 
fore F = W. . Farce wuill bo propertional te the Wight « 
the Wheel. 1 


10. If the Direction of the Force be parallel to the hori- 
zontal Plane, that is, if C be parallel to N D, then becauſe 
the Angle CE is (in that Caſe) equal to the Angle CEH, 
their Sines will be equal, that is rn =CH=R—H; 
therefore the Expreffion of the Force ( Art. 6.) will become 
r. and if the Height H be given 
W 7 „ n 


vin be T „ done 1 

| p R—1 TT 5 
WIV 2zRH—H* 

11. From the Expreſſion F = — — * 

2 1 Vi 

have this Equation 5 = ———— which gives the 


i-% 
a . 


following Analogy F: W :: YR H—H*.; s. That i 
The Force is to the Weight as the Sine the Ang/e ECH (ix. 
E H) is to the Sine of the Angle C E. which the Line of Di 
refion makes <oith the Line EC. : Fa ad 
12. I the Obſtacle is capable of deprefs'd —— 
down by the Wheel; the larger the Wheel the greater wi. 
be the Force to do this; for fince C E repreſents the _ 
Force with which the Wheel bears upon the Obſtacle, 2 
this is reſolvable into the two Parts C H and H E, ob 
the former CH being papa to E F tends to preſs it _ 
it will be expreſs d by —H, and fince H is gives, e p 


. Yith 


nounted 
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6 R, or the Radius of the Wheel. ; 
5, J the Obſiacl be ſuch, as that it can neither be ſur- 
nor depreis d, but mult be driven forward, the Force 


to do that will be expreſs'd by HE = / ZRH—H?, which, 


greater Thus if R 2, then VR—1=1i=34R; 
but if R= 5, then VR—1=2, which is leſs than 1 R; 
and if R == 10, then R- 1 =3, which is leſs than 


MCR; now if CM be 
whole Force will be em- 


are to be ſurmounted. © 

15. From what we have ſaid, it is evident that a ſmall 
Wheel, whoſe Radius is K E, and the Line of Traction pa- 
rallel to OK, is equivalent to a large Wheel whoſe Radius 
is CK; and the of Traction parallel to the Horizon 
ND; but EK: CR:: HB: CBWCI: CE; that is, the 
Radius of the ſmaller Wheel is to that of the larger, as the 


Co-ſine of the Angle E C G to Radius. 
156. IN Force employ'd be never wholly ſpent 
m ing, when the Direction is CN, parallel to the Fig. 13 
Plane on which the Carriage z yet if it be applied i 
ique DireQion Breaſt of 


Fj 42 OHH 1 Ll 


1 


TRIES 
He 223 


— 
's are 
© Radiu's 
deſcend 
in a ſmaller 
large onen, 


ave their 


4 


Carriage 


of the Horſe's Breaſt, or Traces, the 


of all; 


e 1 


and Waeels, whoſe Radius's 


of a 


ng. 
Wheels 


EI 3825 
1 15 


"op than thoſe Wheels w 


turning the Carria 
than can te done 


. 
, y . y . — — — 
* — _ Tg | _ 1 W D | - _— — <7 - $: xd * — I CAT 5 > > fy — — © k a —_—_—__— 
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nens r 
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M Et CHAN.1 C84, 


ceſſary in W and Coaches, for becauſe of their Smalln 2 
they cin de brought near to, and partly under. the Sides 

the 8 and ſq their Axles lying. more obliquely under 
the Bed of, the Carriage, admit it to be tyrn'd about with 


greater Eaſe, 
-(XLIX;) 1, To conclude theſe Mechanical an aer 
the Reader a ſhort, View of the famous ou CODE ry Khas 
ny long (4 t 60 Years) f the 55 
and French P oſophers on one Side, 2 the Datch Ger- 
nan and Tallaus on the other, The Subject was, Whether 
the Force 2 Bodies i in Motion, ſtriking each other, be pro- 
and "Velocity 555 Motion, « or, to 755 Square 
2772 rench m e 
| oy i 
2. This Mp . EPA Mr. 
ard the, Abbot Catalar,. about the Force. of Oſcillating 
diesz it continued ſome Time between theſe two Geatle. 
men; at laſt, another SuljeR of the ſame Kind engaged the 
ſaid Abbot with the 75 TLeibnitæ, who is to be eſteem'd 
jnly declared, in exprefs'd Words, 
That the Farces 8 ade ruerr as their Ma om yg by 


Falbens, Eames, 95 215 be . the E 
4. In this ras alſo, as. in thoſe of IM 

diſputed with 8 great Warmth, een. 1o Fin at 
N Siownels of , 8 or Backwardneſs of 
I wiſh, I coul ay. that they bad alyrays ob- 
e's ſuch an impartial, fee, and generous Behaviour and 
Seile. of Expreſſion, Dignity of Philoſophy demands. 
We ſhould. then perhaps, have found Dr. De/agulier: better 
=P than in Dr. Samuel Clarke for uncivil Treat- 


ment, for rude and impertinent Expreſſions, &c. No 
e- 


tap who defend the new. Opinion of che Square of, the 


5. As it uſually falls aut in other Caſes, ſo here when 
Men find themſclyes preſs d with — and Ab ſardities 
22 5 ia 


£73 


en 
. 3 : BÞDY: FI 2 
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frikes an Anvil. The former. they is proportional to 
the Velocity and Maſs of Matter conjointly ; but the latter, 
they fay, is as the Mafs multiplied by the 8 of the Ve- 
12. But this Eclarciſſemem boots them as little as the for- 
ner, if they mean a momentary Impact or Stroke, or ſuch 
whoſe Effect is produced in a Moment of Time. For in ſuch 
a Caſe we fay, the Stroke is in Proportion to the Maſs of 
Matter, and alſo to the of Velocity, and therefore 
u both conjointly ; but we deny there is any other Source of 
Power from whence a Body can derive any Force for pro- 
ducing a momentary Effect: Nor have any of thoſe Gen 
lemen been able to ſhew there is, though ſome (bewilder'd 
n the Labyrinth) have attempted it, but in how weak and 
ndculous a Manner may be ſeen in a Piece intitul'd, De 
Canſervatione Viriumwivarum, &c. And tis worth the Reader's 
while to ſee the jocular Confutation of this Tudicrous Piece 
by Phileleutherus NNE 5 | | 
13. If they ſay, they would not be underſtood of momen- 
meow Effet, but fock th tre produced in Time, den they 
ave its. And tis plain from their Experiments, 
that this is "their Meaning after all. For the Experiments 
wich they ſo much inſiſt on, are ſach as are made by letting 
_—- on SHINS, of Clay, _ &c. or by 
| ion of Bodies on yieldi ings, or ſpringy Bodies: 
n all which Cafes, the Bea bot produced inftancaneouſly, 


if res the Clay takes Timo to recede, the Spring to 
x WC, A 
| 24. If 


Cal. w3bn4= 
11747 

577 
of 70, x2 N 


M. Cs. 
A 
Dorne 


Ton 8 oth Cul le © Ns of op 125 


EET cauſes them to deſcend; their Sg: therefore 


r 


Sa ee ew 121 


. 
i. e. the De. 


duced by it rae Fo, e * 


the Force is ven; 2 Uix. the 
2 RINGS acity. 


AQ marc wc E 


Deſcent o the Body, is as the Sq 
I's . the Effect produced by 
3 . 
— N , 
Then tis * of Matter in the 
Body, ab 1 0 ind V, ar 292 alſo the Effect E wil 
be as the Intex IE Le when F, Q, and Ve 
given; again, w 17.8 iven, E mull be 2 V; 


and laflly, we ſhall have 8 * na. r. 


E:e:PVT: t. Thus the ſame or two equal Bodies, 
deſcending on two Planes unequally inclined, will deſcend 
thro” Spaces, Which will be as the different Powers. of G- 
vity F and 5, as the different Velocities V and in any Point 
of Time, and * . r 


an e "The in 
Gravity, the Effect, or the Space, wh 
wth Time e of th Fall 
any Point of Time in the: Fall. 


or to - 


\ always proportional to. th 


. 8388980 sage 
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18, If we ſuppoſe the Times given, that is, Tt, then 
che Reſt as before) we have E: e: V: that is, the Forces or 
Effects of equal Bodies, falling in equal Times, are propor- 
tional to the ſimple Vilocities. | 

19. If Vr, or the Velocities given; then E: e:: T f. 
Thus if two equal Bodies lying on an horizontal Plane, re- 
ceive a Stroke each from Springs of equal Force, then will 


the Velocities be equal in every Part of the Motion, and the 


Effects E and e, in this Caſe, being the Spaces deſcribed, will 
be as the Times of their Motion. 

20. Hence we have ſeen every poſſible Caſe wherein the 
Forces of Bodies or their Effects can be ſuppoſed to vary; 
and tis plain there is none where the Force is as the Square 
of the Velocity but where the Time is concern'd ; or where 
ſome one of the Factors Q, P, V, T, is proportional to the 
Velocity ; thus in Spouting- Water, becauſe 9 apayn as V, 
therefore, tho' T be given, E will be as Q, or as V*; 
for P alſo in this Caſe is given, the Power of Gravity which 
—1 Motion to the Particles of the Fluid being always 
conttant. 

21. Nor have they any Experiment which ſhews the Force 
or Effects of Bodies proportional to the Squares of the Ve- 
locities, but where the Time in which the Effect is produced 
Ought to be conſider d. Thus in their famous Experiment 
of Cavities, form'd in ſoft Clay by falling Bodies, tis true, 
thoſe Cavities are the Effect of the falling Bodies, and pro- 
portional to the Squares of the Velocity. But what is this to 
the Purpoſe, unleſs they will ſay, thoſe Pits are inſtantaneouſly 
produced, which I believe none will to do? 


22. 'Tis evident, this Cavity muſt 1 to the 
Quantity of Matter put in Madan is the y, by the falling 
Body ; but this is proportional to the Velocity on two Ac- 
counts; the firſt is, that every Particle which comes in Con- 


tact with the Striking Body, receives a Stroke proportional 
to the Velocity, therefore alſo the Number of Particles which 


exch of theſe can move, will be as the Force of the Stroke, 
or as the Velocity of the falling Body. Secondly, among 
yielding Particles, the Number which the falling Body can 
*pply to in a given Time, will be as the Velocity; conſg- 
quently the whole Number of Particles which can be moved, 
both immediately by the Body itſelf, and by the Motion com- 
municated to the Particles, will be as the Square of the Ve- 
yk and therefore the Cavity will be in the ſame Ratio 


23. We hence ohſerve, the ſame Method of Reaſoning 
may be applied to ſoft and _- Subſtances, as has al- 


ways 
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ways been uſed jn the Caſe of unelaſtic Fluids; and far this 
, that in every Caſe of yielding Particles, the 
Body in them is not y'd momen- 
— — Tun wie IT ) will be 
as the Velocity; and therefore V, and T, in 
all theſe Caſes, OS = will be date, for all ſoft 
. . arms 
Effect will be more or leſs 
to the Nan of the Square of the Veloci Ce. 
Uſe in mechanical A . Thus 2 
ouble Velocity will produce much more than 
3 cole Be rin Nt the ſame may be ſaid of 2 
a Pile : Hence the Reaſon why a ſmall Ham- 
mer will by its Velocity do more Execution upon red-hot 
Tron, than the large Hammer by its Momentum... In ſhort, 
all theſe Things are ſo plain, and eaſy to be underſtood, that 
'tis ſurprizing to think how ſuch a Diſpute could ſublif ſo 
Pts _ —_—— 
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LECTURE 1V. 


Of HyprosTATICS in general. Of the Pagri- 
cLes of @ FLu1D, #be Form, Size, Sc. The 
HyprosTATIc Laws of FLruips. Of the 
Gravity and PRESSURE of FLutDs. The Hy- 
DROSTATIC PARADOX demonſtrated. The Ra- 
TIONALE of the SWIMMING and SINKING of 
Bodies expounded. Of ABSOLUTE, RELaTive, 
and Specific Gravities of Sortps and 
FLuips, The Nature Us of the Hy- 
DROMETER or WATER-PoiSE, The Natuge, 
Usz, and NEW STRUCTURE of the Hypro- 
STATIC-BALANCE.” The Common BaLanct 
improved on Hy DROSTATIC Principles. 4 
large TABLE of Srpreiric Graviries, The 
QuanTiTY of PressuRE bow eftimated. The 
CenTrRE of PrESSURE calculated. Various 
HyprosTaTic ProBLEMS ia GEOMETRY, 
Mzcnanics, Prilosoeny, Sc. The Uss- 
rvlness of HyprosSTaTic Science. The 
Tuxroxv at large relating to the Mor ion of 
Bopixs in re/iſting Mt Drums, as Air, WaTER, 
Se. | | | 


YDROSTATICS is that Part of Phi- 
loſophy which treats of the Nature, Gra- 
| N 2 vity, . 


r 4 ˙ — * 
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vity, and Preſſure of Fluids. A Fluid is a Sch- 
ſtance whoſe Particles yield to the leaſt partial 
Preſſure, or Force impreſs'd. And hence tis 
reaſonable to infer, that thoſe Particles muſt be 
exceeding ſmall, ſmooth, round, and ponderous 


Bodies; and obſcrve all the Laws of Motion and 


Fig. 1. 


mutual Action in common with thoſe of all cther 
Matter (L). The following are the Laws and 
Properties of Fluid Bodies. | 


L) 1. That the Characters of a Fluid intended in this De- 
finition are all of them neceſſary, will appear from what 
follows, The firſt is, that they are excceding /mall ; for that 
the Smallneſs of the Particles conduces to Fluidity, is evident 

hence, that the Points of Contact between Spheres are 
in Proportion to their Diameters, and therefore grow leſs 


with the Spheres, gh not in the fame Proportion. And 
+ the leſs the Points Contact, the leſs will be the Cob 
and of courſe the greater the Diſpoſition of the Particles to 


2. To illuſtrate what I have ſaid. let ABCD be a Sphere 
inſcribed in a Cylinder EFGH ; it is demonſtrated by Geo- 
meters, that the Superficies of the Sphere is equal to the 
curved Surface of the Cylinder, and tans « 
any Segment of the Sphere L DM is equal to the corre- 
ſpandent Sarface IK GH of the Cylinder; if therefore the 
Line I K move on till it caincides with H G, the Superfcies 
af the Segment of the Sphere L DM will become the Poiat 
of Contact with the Plane H G, and that of the Segment 
of the Cylinder IK GH will become the Periphery of the 
Baſe of the Cylinder ; but this Periphery of the Baſe will be 
as the Diameter HG of the Cylinder, which is equal to 
the Diameter of the Sphere A'C; therefore the Point of 
Contact of the Sphere with the Baſe of the Cylinder, or 
the Plane which it touches, will be proportional to its Pu- 
meter; whence it follows, that the Point of Contact between 
two Spheres will be in Proportion to their Diameters. | 
6 The ſecond Chara#triftic of the Particles bf a Fluid b. 
that they are ſmooth; by this means they become lubricous, 
aud apt to fide or move by each In 

J. 
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I. All Fluids are incompreſſible, except Air; ot, 
they cannot by any Force be compreſs 4 into a leſs 
Space than what they naturally poſſeſs ;, as is proved 
by the Florentine Experiment of filling a Globe of 
Gold with Water, which, when preſs'd with a 
great Force, cauſes the Water to tranſude or iſſue 
through the Pores of the maſſy Gold, in Form of 
Dew, all over its Surface. (LI) LES 

and Freedom; and therefore their Diſpoſition to Fluidlty 
ys er promoted and augmented ;' for want of this 
Quality, though the Particles of Matter were  poſleſs'd of 
all others mention'd in the Definition, yet would they never 
conſtitute a Fluid, fince I 3 
to, than Aſperity or Rou of the Su i 


the more ſpherical the Particles, the fewer Points they touch 
each other by, and the leſs the Points of Contact are; on both 
which Accaunts the Attraction of Coheſion will be dimi- 
nihed, and their Diſpoſition to Fluidity or Volubility will be 


5. The Furth Chara&eriffic in the Definition of the Parti- 


cles of a Fluid is, that — 2 — 

this Property, Fluids 2 y gravitate in common wi 

all other Sorts of Bodies, but alſo they derive from hence a 

Power or Force of Preſſure peculiar to themſelves ; and by 

that means act upon Solids in a very different Manner than 

that in which Solids act upon each other, as will be ſhewn 
er on. 


they become inviſible in Va- 
pour; and ſo light as to riſe in Air, yea, in Air that is 
„greatly rarified and attenuated. And it is well known, that 
Water has its Particles ſo very ſubtile as to-paſs by Ways that 


(LI) 1. This Experiment muſt be made with a Globe, for 
this Reaſon, becauſe a Sphere contains a greater Quantity of 


N z II. Ai 


4. A third Chara#eriftic is their Raundugſi or Sphericity ; for 
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Air will not, and perhaps is exceeded by nothing in this won- Pl. XV. 
crous Property, but the Particles of Fire and ardent Spirits. Fig. 2, 
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II. All Fluids gravitate, or weigh, in propor- 
tion to their Quantity of Matter ; and that not 
Matter, under the ſame Superficies, than a Body of any 0- 


ther Figure whatſoever. This may be made appear 
following manner; let AB, BC, CD, A 


ts OD, defend he Sem or the Tri 

AC, C D and | 
oſitĩon of 

variable Line will be A D or Ad; and the Triangle 

form'd will be AC D or AC 4 whoſe Area . 

SD <4, (< df being drawn to A C produced. 


3. Now tis evident this ge wil be rec, wo 
«dis on Aioutnges: 28 and con- 


the Line eb! for as tis made C D or cd 


the Triangle ACD is the greateſt poſſible when 


| CD makes a Right Angle with AC; and in this Caſe the 


Point C is in a Sinh deſcribed on AD as a Pen. 

Therefore, alſo the other Angle gle B. being in the Semicirce 
deſcribed: on the fame Diameter A B, will make the other 
Part of the Trapezium a Maximum; and ſo the whole Tn. 
pezium ABCD inſcribed in a Semicircle, _ 
than any other, whoſe three Sides AB, BC, CD, are de 


when infinitely ſmall, do coincide with the Circle; therefore 
the Circle is the moſt capacious Figure, or contains the 
Area under the ſame Periphery. 


5. For Example; ſuppoſe «Strivg C were diſpoſed into the 


Forni of a Circle ; then as 22:7 2: C: == Diametc! 


of the Circle ; the Radius therefore is C, and fince the A. 


rea of a Circle is equal to e multiplied into bf 
only 


wad. 2 © © 
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1 on nly 4n the Air, or in Vacuo, but in proprio Loco; 
or, a Fluid weighs the ſame communicating with 


2 Quantity of that Fluid, as in Yacuo; which all 
r ta cs # lately) have denied (LID. 


- 


ts, Badia, dee Ce If === = Area of the 


Circle. Again, apple the ame Sing diſpoed in the Form 
of a Square ; ; the Bide would be — , and the Area . 3 
FE 


20 cc 
a3 — tO —— 16 or as 


a 
T 85 50 =, that is, as 14 to 11. 


6. Now fince 'a Sphere may be conſider' d as made up of 
circular Areas, It plainly follows, that a Sphere will con- 
tain a Quaiitty of Matter under the fame Surface than 
any other Solid. Thus a Sphere will be found by Calcu- 
lation to be more than twice as big as a Cube of the ſame 
Surface; and therefore the Water contain'd in the Globe 
muſt, when. the Figure of the Globe was alter'd, be either 
compreſs'd into a leſs Space, or make. its Way through the 
Pores of the Globe, as in the Experiment we find it will; 
whuch therefore evinces its Izcompre/ibility. 

*. Some Philoſophers are inclined to think that Water is not 
lutely jacompteihble, or that the Particles thereof do not 
touch each other; but are kept at a Diſtance by a Centrifu- 
Force ſuperior to any Force we can apply in in com compo 
awd But becauſe this is an Hyporbefis 
any thing more than bare Poſſibility to i op at leaſt 
nothing is offer'd to render it probable or neceſſary; there- 
fore we are not to admit it among the Principles of the New- 
tenian Philoſophy. 

(LIN) 1. That Fluids gravitate, of are heavy, in the fame. 
Manner with Solids, is evident, becauſe the Earth's Attraction, 
which is the Cauſe of Gravity, equally affects the Particles 
of all Sorts of Matter; and therefore excites the ſame En- 
deavour or Tendency towards the Centre of the Earth in the. 
Particles of a Fluid,” as in thoſe of a ſolid Body ; and this 1s 
what we call their Abſolute Gravity. | 

2. Now fince in Fluids of the ſame Kind, as. Water, all 
the Particles are reaſonably ſuppoſed equal and alike in all 
Cireumſtances, they will be 7 all equally affected by Attraction, 
and — have among themſelves an equal Tendency to- 
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III. From the Gravity of Fluids ariſes their 
Preſſure, which is always proportional thereto; and 
ſince we may ſuppoſe all the Particles of a Fluid 
to have cqual Bulk and Weight, the Gravity of 
the Fluid, and conſequently its Preſſure, will be 


wards the Earth's Centre. Whence, fince they gravitate 


if they are eqeally obfiratiet-in their Deſcent (asby the Boe. 


toms of Veſſels, c.) they will all retain the fame Poſition 


among themſelves, as if they were affected by no Kind of 
Power at all; and thus they are ſaid to be relatively at Ref, 


or in a State of Quietus among themſelves. 

3- Since no one Particle of the ſame Fluid has a preater 
Share of the attracting Power than another, no one will tend 
to deſcend before another ; and therefore among the Particles 


of the ſame Fluid, there is no ſuch Thing as we call Rela- 
tive or Refidual Gravity, which is nothing but the Exceſs of 


Gravity, by which one Body tends dowmwards more than ans 
5 be more fully explain'd hereafter (See Aunatat. 
LVIII.) | 

4. Now becauſe Philoſophers found that a Bucket of Wa- 
ter in Water weigh'd nothing (that is, that there was =o 
Relative Gravity in Mater) they very ſtrangely inferr'd there 
was no Abſolute Gravity of any Part or Particle of Water, 


whilſt it remain'd in Water, but only became heavy when 


taken out, or ſeparated from the reſt. But their Miſtake is 
eafily evinced by the Rong In t; let a Bottle or 
Vial with Shot in it to make it in Water (when cloſe 
corked) be hung at the End of a nice Balance, and then im- 


merſed into a Jar of Water; while thus hanging in Water, 


let it be counterpoiſed very exactly by Weights put into the 
Scale at the other End. W Cork the Wa- 
ter will ruſh into the Bottle and deſtroy the Equilibrium, by 
cauſing the End of the Balance to deſcend; which will be a 
plain Proof that Water has Weight in V ater. 


5. But to carry this Experiment farther ; let now the Equi- 


kibriwm be again reſtor d, by adding more Weights to thoſe 
in the Scale ; then taking the Pottfe 

the Water be pour'd out, and weigh'd, and the Weight will 
be found exactiy equal to that which was added to the Scale 


to reſtore the Eguiſibrium above · mettion d. This ſhews that 


Water (and all Fluid wiigh the ſame in thijr cum Element 
ar ext of it, 


alway⸗ 


out of the Water, let 
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always proportional to the Altitude or Depth there- 
of, Whence the Weight and Preſſure of Fluids 
on the Bottoms of Veſſels, Sc. muſt be e- 
qual. | 
IV. The Preſſure of Fluids upwards is equal to Fl. XVI. 
the Preſſure dotonwards, at any given Depth. To * 
illuſtrate this, and the foregoing Propoſition, let 
ABC D be a Veſſel of Water, whoſe Altitude 
E F ſuppoſe to conſiſt of a Column of 10 aqueous 
Particles: Then, tis evident, the firſt or upper- 
moſt Particle 1 can affect the next Particle 2 only 
by its Weight or Preſſure, which therefore is as 13 
and ſince that Particle 2 is immoveable, and A- 
ction and Re- action equal and contrary, the ſaid 
Particle 2 will re- act upwards upon the Particle x 
with a Force which is as 1. In the ſame man- 
ner the Particle 2 acts on the Particle 3 by Preſ- 
ſure downwards, with 2 Degrees of Force, ari- 
ſng from its own Weight and that of the Par- 
tile above it; and accordingly it is preſs'd up- 
wards with an equal Force by the Re- action of 
the Particle 3: And fo of all the reſt. Where- 
fore the Propoſitions are manifeſt. | 

V. The Preſſure is upon all Particles of the Fluid 
a! the ſame Depth equal in every Part; or, the Par- 
licles of @ Fluid, at the ſame Depth, preſs each other 
very way, and in all Direftions, equally. For if 
ay Particle were pteſs d more on one Part than 
mother, it muſt give way, or yield, till the Preſ- 
lure became every way equal; otherwiſe an inceſ- 


lat inteſtine Motion of the Particles would enſue, 
| which 
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which is ablerds:\ and W to ©Experience 
4 
n I . Ne are . Ways to ** * the Preſ. 


ſure of 3 is every Way equal; but the moſt ſimple ard 
evident, I think, is ae e Jong Glas e 


* metically {eal'd at ove End, and immerſed 1 page 
or [ar of 


Paſition With the open End in another tall Ty 
Water; the Air in the Tube being compreſſible will yield to 
3 We a nad di the Water to 
e in u ts W always 
tional to the Akitades of the Fluid above it; and n 
be the Caſe when the lower Part of the immerſed Tube i 
bent iato a Right Angle, that the Water may come upon it 
laterally.; and thence it will appear that the Preſſure of Fluids 
is every Way equal, and propertientt to the Altitudes. 
fad a nary date, Ag, 
for let the Sphere A be top rted by two others in an hori- 
zontal P B and C ; Join the Centres a, b, gn 
draw the Perpendicular 2 f; let ec be a Tangent to the 
Sphere B in the Point c, where the Sphere A touches and 
preſſes ir, interſecting the Perpendicular a / in e; and let a- 
exprels the Force of A downwards; then fince a hö te- 
ſolvable into two Forces 4c and ce, of which the latter 
beg = 2s Tangent tn B, does not at all affect it, and the 
icular to the Surface ; this other Force 
R A preſſes B. . 
3., But ſince ac js an oblique, Force, that is, neither pet 
icular nor lateral, let it be reſolved into the two Forces 


. oe of which the former is perpendicular, and (0 


does not affect the Body B in preſling it Sideways; but the 
other dc. being in an horizontal Durden js all the Force 
with which A preſſes B in a lateral Direction; but fice 
dc is parallel to b % we have ac den⁰A bf and ſince 
the Particles of a Fluid are equal, we have fb=be=ac; 
therefore fb = 4 ab, and 8 I ac; that 
is, the Force wvith which A pra- B datermit is juſt baif 
the Force with which it priſe it 
the 
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VI. From the mutual Preſſure and equal A- 
&ion of the Particles it follows, that the Surface 
of a Fluid muſt be perfetily ſmooth and even; for 
ſhould any Part ſtand higher than the reſt by any 
Force, I Attraction, Cc. it would immediately 
ſubſide to a Level with the other Part by the 
Force of its own Gravity, when that Force is re- 
VII. Tus Figure of the Surface of all Fluids 
is ſpherical or convex; for all the Particles equal- 
ly gravitating towards the Centre of the Earth, 
will take their Places from it at equal Diſtances at 
the Surface, and ſo form a Part of the Superfi- 
cies-of a Sphere, equal to the Bulk of the Earth 
(lux) 91721; 


terally by the joint Action of A and D 7s equal to the awhole 
Force with aubich either of them act upon them fingly. From 
what has been ſaid, it appears, that the Force with which the 
Body A or D preſſes the Body B or C, is leſs than the Force 
of Gravity, or that by which they act perpendicularly, that is, 
ac is leſs than à ec. | | 


(LIV) 1. Beſides the Reaſon of the Thing, we know by 
Experiment, that the Surface 'of large Waters, as thoſe of 
the Sea or Ocean, is convex; for a Perſon ſtanding on the 
Shore, and viewing a Ship under Sail, directly before him, 
will loſe Sight thereof by PI. XV 
Ship firſt diſappearing, then the lower Parts of the Maſts Fig. 4 


as not to be diſcernable from it; and therefore the 
VII. Siren 
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VIII. Swen Fluids preſs equally every way, the 
Preſſure of each Particle againſt the Side of a Vel. 
ſel will be proportional to its Altitude; and con. 
ſequently the Preſſures of the Particles 1, 2, 3, 4 
Sc. of a perpendicular Column againſf he Side 
BC will be as a Series of Numbers in Arithmetici 
Progreflion, whoſe firſt Term is o; therefore 4 
Sum 1.4 all the Preſſures is equal to the Nets of 


Surface of Fluids within that Space, or or Extent, *. 

e pl hat gg e arface 

the Reader may be curious to know, I will ſhew by te 
Calculation. 

3. Las AC be the Semidiameter of the Karth e 
Miles, or 21120000 Feet; (for 5280 make one Mile,) AE 
a Fart of the Earth's Surface, A F a Tangent thereto at the 
Point A. Now it is found by Experience, that nothing is d- 
ſtinctly viſible to the Eye that does not ſubtend an Angle f 
one Minute at leaſt. Let B oy eng mode 


Fre 
; 


nute. If now on AB we let fall the 
then in the right-angled Triangle AG C, we have all ti 
— er yo er. te find the Side AG. For 
fince DAC is a Right Angle, and DAB= 1 Miaute, th 
Angle GAC==89* 59/; and therefore ACC. 
Minute alſo. nn. 


| As Radius 90 —- —ů - 10,0000 
ks to the Angle A CG 1 Minute — 6, 463725 
80 is the Side AC = 21120000 — 7,324694 
"Take Hl AG 6144 — 3,788470 
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Preſſures multiplied by balf the greateſs Preſſure : 
But the Number of Preſſures is as the Number 
of Particles, or Altitude of the Fluid BC; alſo 
the greateſt Preſſure is as the ſame Altitude: Here- 
fare the total Preſſure againſt the Side of a Veſſel is 
a; the Square of the Altitude of the Fluid (LV). 


(LV) 1. That the perpendicular Preſſure of Fluids on the 
Bottoms of Veſſels is eſtimated by the Area of the Bottom mul- 
104. the Altitude of the Fluid, is evident, I ſuppoſe, to every 

r. For ſuppoſe a Veſſel were 2 Feet wide, 3 Feet 
long, and 4 Feet deep, and fill'd with Water to the Brim ; 
then the Area of the Bottom is 2 x 3 = 6 ſquare Feet, and 
every ſquare. Foot being preſi d by the Column of Water, 
containing 4 cubic Feet, tis plain the whole Bottom will be 
preſs'd by 6 x 4 = 24 cubic Feet, that is, by the whole 
Number of cubic Feet which the Veſſel contains. 

2. But the Quantity of the lateral Preſſure, or that againſt 
the Side of the Veſſel, is not ſo obvious; yet among the ſe- 
reril Ways of computing it, I think none ſo eaſy, natural, 
and univerſal, as that I have mention'd, viz. by conſidering 
i in a fingle Column of Particles, as a Series of Quantities 
in Arithmetical Progreſſion, becauſe this depends entirely on 
the ſingle Principle already eſtabliſhed, viz. that the Aion 
or 7 of Fluid Particles is every way equal, By which 
[ ſhall endeavoyr farther to illuſtrate this Matter, and facili- 
ate the Method of Computation. | 

3. Upon the uppermoſt Surface of the firſt Particle 1, 
which coincides with the Surface of the Fluid, there is no 
Gravity, and conſequently no Preſſure ; therefore the Begin- 
ning of the Series, or firſt Term is o, or nothing. The Body 
of the firſt Particle preſſes the ſecond Particle 2 with its own 
Weight which is as 1, and it preſſes the Side of the Veſſel 
vith the ſame Force, and therefore the ſecond Term of the 
Yries will be 1. The ſecond Particle preſſes the third Par- 
ice 3 with the Force of its own Weight, and the Weight 
of that above it, that is, with a Force as 2; and ſince it 
preſſes the Side of the Veſſel with the ſame Force, the third 
[erm of the Series will be 2. After the ſame Manner it is 
hewn, that the fourth Term will be 3, the fi/th Term 4, and 
o o. Whence tis evident the ſeveral Preſſures will be as 


ve Series o, 1, 2, 3, 4» 5, 6, 7» 8, 9, 10, Ce. 


4+ Now that the Sum of ſuch a Series is equal to the 
| IX. Hercs 
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| PI. XVI. IX. Hance if the Veſſel AC be of a Cubic 
| Fig. 1. Form, the Preſſure againſt a Side B C is half thy F 
| upon the Bottom CD; and conſequently, the to; F 


2 Term, multiplied by half the Number of Terms, i 
to every Perſon verſed in common Arithmetic, 20 
may be eafily ſhewn by an Example. For ſuppoſe the & 
ries were o, I, 2, 3» 4» $5, 6, 7, 8, 9, 10, 11, then the * 
Number of Terms Ae News the half thereof 6; alſo th fl, 
greateſt Term is 11; but 6x11 =1-+2+3+4 
6+7+8+9+10+11=66= the rol SEE 
Side of the Veſſel. Now this is manifeſtly by 
f the Preſſure a Line of the ſame Length inthe 
Bottom of the Veſlel, wiz. a Line of 12 Particles, for finc 
each Point ſuſtains the Preſſure of 11 Particles, the wick 
muſt be 12 x 11 = 132. 
5. It may here be objected that I have taken 12 Partice 
in a» Line at the Bottom, whercas there is but 11 at te 
Side, and therefore the Length of the Side and Bottom is nt 
the ſame, as in the Suppoſition we make it. But it is to be 
conſider d that when the Particles are ſuppos'd indefinite fur 
. ſmall and numerous, as is the real Caſe of Fluids, the Di. mc 
Bd. ference of Length occaſion'd by one ſingle Particle wil i: WW is 
. , infinitely ſmall, and therefore will make no Error in the Con- a 
putation. ' De 
6. Let the Sum of all the Preſſures, or the total Preſlur Ve 
the Side of a Veſſel, be repreſented by 8, the Nun- to 
ber of Terms in the Series by N, and the Term by de 
G; then ſince S=4; NG, and ſince N G are ever pw. ze 
jonal to each other, we ſhall have 8 as NN, or 25 ing 
N*; and fince Halves are in the ſame Ratio with ther Pre 
Wholes, we have 8 as N“; that is, tbe Sum or total Preſur Lin 
evill be as the Square of the Number of Terms, or Altitud i Pre 
the Fluid. are 
7. For Example, in the above Series, if we take the dun be | 
of 4 Terms, it will be o+1+24+3=6; and then d in t 
8 Terms, the Sum will be oF 1 f2+3 +4757, 
+7 = 28, which is 4 times 6, and 4 over. Now de BC 
Sums ought to be as 1 to 4, becauſe the Altitudes were * the 
to 23 and tho? the Sum of any Number of Terms will alva)* kno 
be a little more than 4 times the Sum of half that Number Sun 
of Terms in this Way of computing, yet when the Nun. tude 


RR ED DW Wr m 


ber comes to be exceeding great, the Exceſs will becom 1 
indefinitely ſmall, and therefore may be neglected in the Ci = 


of Fluids. > 
| Preſſut 
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a Preſſure againſt the Sides and Bottom is equal to 
free times the Weight of the Fluid on the Bottom 
14 of ſuch a Veſſel. . 
X. Tus Weight, Preſſure, or Effet of a Fluid Pl. XVI. 
ben tbe Bottom DE. of any Veſſel AC DEE, is Fig. 2 
0 proportional to the Altitude A E only, and not to 
„e Quantity. of the Fluid in the Veſſel: For every 
f 8. Or yet more clearly and accurately in Symbols thus ; 
de ſnce S is always as GN or as GN; and in the Series a- 
he bove adapted to Fluids, G=N — 1, therefore GN = 
0 NN—N; and fo S will always be as NN N; but when 
ale N is indefinitely great, N* will be infinitely greater than N, 
which therefore will vaniſh in that Caſe in the Expreſſion 
ls NN—N; and ſo S will ever be as N*, that is, the Sum 
he or total Preſſure will be as the Square of the Altitude of the 
00 Fluid. 
be 9. This Way of conſidering the Quantity of lateral Preſ- 
ey ſure by the Arithmetical Series is univerſal, whereas the com- 
I. mon Method reſtrains it to the Property of an equicrural - 
be right-angled Triangle, and to a Veſſel of a cubical Form; 
m. nch 1 ſhall here give for the Sake of ſuch as would ſee the 
Demonſtration of a Thing in ſeveral Ways, ABCD is a 
ue Veſſel of a cubical Form, that is, whoſe Side BC is equal 
1. to the Length of the Bottom CD; if then the Diagonal BD 
by be drawn, we ſhall have the Lines 1a = BI, 2b6=B2, 
0 ze Bz, d4=B4, &c. but Bi, BZ, B̃ 3. By, Oc. be- 
1 ing as the Altitudes of the Fluid, will repreſent the lateral 
er Preſſures in the Points 1, 2, 3, 4, c. therefore alſo the 
ur Lines a1, 5 2, 3, 44, Cc. will repreſent the ſame lateral 
of Preſſures ; hence when the Diſtances B 1, 12, 23, 34, Cc. 
are indefinitely ſmall, the Lines a 1, 5 2, c 3, 44, Er. will 
un be infinitely near each other; and ſo all thoſe Lines drawn 
| of in the Triangle BC D will make the Area of that Triangle. 
1 Therefore the Sum af all n 
rde BC, will be as the Area of that Triangle. But the Area of 
1 the Triangle BC is as the Square of the Side BC, as we 
2 know from the Elements of Geometry. Conſequently, the 
ber dum of all the lateral Preſſures is as the Square of the Alti- 
un tude of the Fluid BC, 2. E. D. 
"me 10. Now the Preſſure on the Bottom of the 
e being equal to CD x BC, and the Area of the Triangle 


3DC being equal to BC x 4 CD; tis plain, the 
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Column of Particles G H, which preſſes down. 
wards on the Side of the Veſſel EF, has its 
Force deſtroy'd by the equal Re- action of the 
ſubjacent Particle H in the Side, and ſo cannot at 


all affect the Bottom of the Veſſel. Again; the 


Preſſure of any Column of Particles LM up- 
wards, againſt the Side of any Veſſel CD, is e. 


| all the\lateral Prefares againit any one Side, is equal to by 


half the Preſſure on the Bottom of ſuch a Veſſel; and ſo the 
of all the Preſſures againſt the four Sides is twice that 


Sum 
vpon the Bottom; and that the whole Force of the Fluid i; 


equal to three Times the Force of its Gravity. 
11. Hence we ſee how very differently Fluids act from 
Solids, which act upon each other by their Gravity only, 


whereas Fluids act by Gravity, and by Preſſure jointly. So- | 


act only downwards, but Fluids every way equally. - 
a | of 


— 
12. . the Bottom of Veſſels, 
CRC Cee Lees 
what has been ſaid above; for let AK be ſuch an inclined 
Plane, and AE the Surface of the Water; then will the 
the Points A, G, H, I, K, be as the Altitudes 
BG, CH, DI, EK. If now on the faid Points we erect 
the Perpendiculars Gb, He, 1g, Ec. equal to thoſe Alti 
tudes reſpectively, and ſuppoſe the ſame Thing done for e- 
very other Point in the Line A K, tis evident the Triangle 
Ae K „ eee AK. 
the ſaid Triang * ye AKx4eK; and fuppofing 
AG= Ha 112 K, and ef drawn parallel to AK; 
we ſhall have jc KK H CH therefore AK x CH, 
gn; total Preſſure on the Line A K. 
| a Plane, then the Surface 


ive a more general Theorem of the above Rule, let 
t i ing from an horizontal Plane, at 
543 join their Centres by the Line 


a b, and let x be their common Centre of Gravity, and x0 
its 


its Diſtance from the the Plane cd, perpendicular to which draw 
qually 


e 
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cually re- acted by the Particle of the Veſſel 
over it, and ſo its Force of Preſſure on the 


4% and Ba; then fince a:3::b#:ax, by the Property of the 
common Centre of Gravity; and by ſimilar Triangles we 
have bx taxi! xt! 4%. Thereforeaxxy=bxxz; 
but xy =x0 —yo=x0a—ac; and yz = - 
b{— x0; therefore ax xo —ac=bxbd—x0; that 
is, ax ac +b,x bd==a+6b x xo. That is in Words, 
The Pradu of the Weights multiplied by their Diſtances from the 
Plane is equal to their Sum multiplied by the Diftance of their 
common A eee | Be AS. 
14. Now that this true in Lines and Planes is evident; 
becauſe the indefinitely ſmall Particles of Lines and Planes 
may be conſider d as very ſmall Weights, and as what has been 
demonſtrated of two, 1 therefore the above 
Rule is applicable to all Sorts of or the Preſſure up- 
on the Bottoms of Veſſels, however poſited or figured; may 
be exaflly computed thereby. 
15. Thus ſuppoſe AEC DEF fepreſent « Veſſel of a 
riſmatic Form; whoſe Bottom is an oblique triangular Plane 
DEF, in which let F G be drawn perpendicular to the Baſe 
DE, then if we make Fx; * G: 2: 1, the Point x will 
de the Centre of Gravity of the Plane, and x o its perpendi- 
cular Depth from the Surface of the Fluid ABC, when the 
Veſlel is fill'd with Water. Now ſuppoſe AF = 1 Foot; 
FG.z2 6 Feet; ED= 2 Feet; CE =HG = 3 Feet; and 
letthe Plane PI c be parallel to the Surface of the Fluid A C B. 
Then we have FG: Fx 3; GIG: xa; that is 6: 4:: 2: 
Iz=xa; therefore xa + ao =x0 = 273 Feet, the 
Depth of the Centre of Gravity of the Triangle F E D whoſe 
ara is FGx EGz=z6x1=6 ſquare Feet. Thetefore 
6x 243, 14 Cubic Feet of Water, whoſe Weight is equal 
io the Preſſure on the Bottom of the Veſſel. | 
16. Thus in caſe of a Cylindric Veſſel whoſe Bottom is ei- 
ther an Ellipfis, a Cone, a Segment of a Sphere, &c. if the 
Quantity of the Surface, and Centre of Gravity be found, the 
Content of the Veſſel is then known by the Rule above. 
Thus alſo if the Surface of the Side of any Veſſel in any Form 
or Poſition be multiplied by the Depth of the Centre of Gra- 
wy, the Product will be the Number of Cubic Feet, whoſe 
dicken is equal to the Preſſure on ſuch a Side or Surface. And 
Te cubic Foot of Watet weighs 1000 Ounces, or 62; 16. 
op ny ona of ede wil na pa 
| in any Denomination of Weight, as will be more 
tender! hereafter; 8 de more pan 
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Bottom muſt be the ſame as that of another 
Column of Particles A B of equal Altitude 


17. One Thing more the Reader ſhould be appriz'd of, 
and that is the Centre of Preſſure, which is that Point in which 
* may cs wh 7 whole Preflure * n os 
ted ; or to which if a Force were applied equal to the w 
Preſſure, and acting in a con 1 exaQly 
ballance or reſtrain the Effe& of the Preſſure; or it would 
keep the Plane (otherwiſe free to move) in Fquihibrio with the 
rotal Preſiiare, unequally Uiftributed over all its Parts. Thus 
if ABC D be a Veſſet of Water, and the Preſſure on the 
Side A B be equal to twenty Pounds ; if à be the Centre of 
Preſſure, and a String & & © were fd thereto going over the 


Pulley 5, and ing = Weight c of dunds, then 
would the Side A B deb bs Hands by thok two equal 
and Powers. 8 
18. Now the Un of Preſfare is the fame as the Centre of 
Percuſſion, as is evident hence, that in the Line AK the 
pereuſſive Force of every Point G, H, I, K, is as the Veloc- 
ty, that is, as the Diſtance AG, AH, Al, AK from the 
Point A conſfider'd as the Point of Suf) But thoſe Di- 
ſtances are as the Altitudes GB, HC, I D, KE, which ze 
as the Preſſures on the aforeſaid Points: Therefore fince the 
Preſſures and peredfiive Forces are always alike, the Centr: 
of one muſt be the fame with that of the other, but the Cen- 
tre of Percuſſion of the Line A B is two Thirds of its Leng? 
diſtant from the Point of Suſpenſion A, therefore alſo the D. 
ſtance of the Centre of Preflure a is ; of the Side AB belon 
the Surface of the Water. See Her. XXIX. 
| Scnotivn. | 
19. The Reaſon why a greater Force of Preſſure is allou 0 
to an oblique Plane or Bottom of a Veſſel than what is equal 
to the Gravity of the Fluid, is this, that every Point in the 
Line A K is preſs'd with a perpendicular and lateral For? 
at the ſame Time, and by both Hu; and of thoſe tuo 
oblique-Forees, or Prefſures, one dire# Force is compound: 
ed, which is greater than either, and acts in a Direction per. 
pendicular to the Plane. But fince both the oblique Preflue: 
are always a5 the Depth of the Fluid, the direct compouns 
Preſſure will be in the ſame Ratio likewiſe. Hence as there » 
a greater Number of Points in the Line A K than in the Lie 
AE, and each is prefs'd perpendicatarly with a Force hooker 
tional to the Depth, tis neceſſity that we eſtitmate the eg. 
Force by the Ares of the Triangle A, K, and not of AE. 
as we maſt have done ff Fluids prefs'd ike Solids by bel 
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with the Fluid; Whence the Propoſition is evi- 
dent (LVI). 


(LV) +. There 8 the Explication of the Hy- 
droſtatic Paradox difficult to be underſtood, but the Manner 
how the Point M comes to be preſſed with the ſame Force as 
the Point B, which has the whole Height of the Fluid above 
it. But this Difficulty will ſoon vaniſh when we confider that 
the Preſſure among the Particles of a Fluid at the ſame Depth is 
every Way ; therefore if LH be to the Bottom 
DE, 'tis plain there will be the ſame upwards in e- 
very Particle H, I, Q, L, as there is downwards, and e- 
very where as the Altitude AI. The Particle at L therefore 
preſſes upwards againſt a Particle in the Side of the Veſſel with 
a Force equal to the Weight of the Column of Particles A I, 
which Force is deſtroy'd by the equal Re-ation of that Parti- 
cle in the Side of the Veſſel. The ſame Fluid Particle L alſo 
preſſes the Particle immediately beneath it in the Column 
M with the ſame Force, which added to the Weight of the 
Column LM makes the fame Preſſure on the Point M, as 
there is on the Point B ariſing from the Preſſure on the two 
Pats AT+EB. g 

2, That the Preſſure upward at the Point L is equal to the 
Weight of the Column A I, is evident from hence, that if it 
be removed (that is, if a ſmall Hole be there made) the 
Fluid will from thence be thrown up in Form of a Fet d Eau 
to the Height of T nearly, which 1s in-the fame horizontal 
Line with the Point A, or Level of the Fluid. All which 
well confider'd is, I preſume, ſufficient to evince that the 
Preſſure on the Point M and every other Point in the Line 
d DE is the ame with that on the Point B. 

1 3. From what we have ſaid, tis r 
he the Veſſel CNRF is preſs'd u with a Force every where 
my portional to the Altitude of the Fluid A P, which Force of 
40 
10 
er 


eſſure upon the whole Surface is equal to the Weight of a 
Body of Fluid of the ſame Baſe, and whoſe Altitude is A P. 
The Sides alſo are prefs'd every where outwards with a Force 


wes Proportional to the Altitude of the Water, and in the fame 
und nh 20 they wanldlho ve the Depth ware che Flaid every 
e b where of the Bulk as in the Body of the Veſſel, and of 


Line the fame Altitude as at A. 

por 4. The Conſequence of this will be, that if an Inftrument 
be contrived with a Bottom A B and Top C D connected with 
plant prepared Leather E F, ſo as to be Water - tight, and it 
uthe Middle of the upper Part at G bg inſerted a ſmall Tube 
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Plate XV. 
Fig. 9. 
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Pl. XVI. 
Fig. 2. 
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XII. Hewes @ very final! Quantity of @ Fluid, 


a APRS, may be made to counter-balance or be 


GH, and Water pour'd in ſo as to raiſe the upper Part DC 
that it may float freely on the Surface of the contain'd Water, 
I laid thereon will cazſe the Water to 


Recht of Cylinder 
A 1. 
K be added, i 
He the Tubes Ca hind 
Times the firſt Hei 
pears that ſince the Bore of 
dE Weight may be fatain'd or counterdalianced 
Quantity of Water in the Tube. 

. e be bet ede by Calculation an 
Hats Suppoſe then DC = 6 Inches in Diameter, the Area 
of the Circular Surface will be 28 ,27 Square Inches ; and fince 2 
Square Inch of Water weighs he of an Ounce Averdupois, 
therefore a Pound will contain 27,7 Cubic Inches; conſequent- 
ly as this Number is but half a Cubic Inch leſs than the other; 
"tis evident that a Cylindric Column of Water whoſe Baſe is fix 
Inches in Diameter, and Height one Inch, will weigh nearly 
one Pound ; if therefore I be one Pound, the Water by its 
Preſſure will riſe one Inch in the Tube; if K be another Pound, 
then I + K will raiſe the Water two Inches, and ſo on. If 
the Bore of the Tube be 50 of an Inch Diameter, . 
ity in the Tube one Inch high is to that in the Veſlel one 
high, as the Square of e to the Square of 6, that is, 3 
Tr to 36, as 1 to 3600 ; and in that Proportion are their 
Weights alſo; whence tis plain the Water in ſuch a Tube 
will tuſtain 3600 Times its own Weight. 


Ents 


6. 22 —— er how great an Eee 
D with one's Breath cho de 
HG intothe Veſſel ABC . By this Means, if the Di. 


menſions of the Veſſel were and the Tube long and 
— * — the Breath L Mouth mn ie: hare 


will there be contain'd in the Veſſel 250 > Cubic Inches of Ar 
ear If now more Air be 

.blownthro* the Tube into the Veſſel, it will condenſe the inter- 
its Spring cauſe it r. the move- 


with a very great W 


cue. 
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equivalent to the Weight or Force of any $7ven 
Quantity T K GV, how great ſoever. 
XIII. WHzwN any Body is immerſed in a 


Fluid, it loſes juſt ſo much of its Weight as is e- 
qual 1% the Weight of an equal Bulk of the Fluid; 


7. Thus fince the Weight of Air preſſes upon every Square 
leis Pess . {as will be ſhewn hereafter) 
if we place on the ald Thp DC, 1090 x 15 == 15000 &, 
and then blow into the Inſtrument 250 Cubic Inches of Air, 
it will double the of the internal Air, —— quent- 
— which then hold the great Wei he in E 

ad Fever oli more be ln a 0. raiſe it ; 
in that Caſe the Air will preſs u a 
Force than that of the Weight downmands MY 

8. If 500 Cubic Inches of Air were blown into the Inſtru- 
ment it would ſuſtain 30000 &, and ſo on. But in ſuch Caſes 
we muſt ſuppoſe Parts E F ſufficiently firong to 
„ n 
it preſſes every Now becauſe 
Tube is ſmall aps F Inch.) z 
Perſon blowing En the feng works encore no more 
* of the Air on the Area of the Bore, 
which when the Air is of a double Denſity, or when 250 Cu- 
bic Inches are crowded in, will be but r of a Pound which 
may be eakily overcome by the Force of the Muſcles in blow- 
ing, eſpecially if we uſe a Stop-cock to ſhut off the Air in the 
Tube every Time we take in freſh Air to our Mouths. 

L If the Top of the Inſtrument DC were fix d, and a 
re paſſing thro? the Tube GH were fix'd to the Bottom, 
ud ſuſpended at the End of a Ballance, then if the Bottom 
be nicely ballanced by Weights in the Scale of the other End, 
and after that Water pour'd in till the T and Bottom were 
{eparated to their utmoſt Diſtance ; to this Water will 
require one Pound wei he for every Inch in Height in the Veſ- 

{, and it will after that require one Pound weight for every 
lnch that u riſes in the Tube, which plainly ſhews that the 
PS bas proportional to the Hei t, and not 

ie hr hy De . Note, I have ſup in this Ar- 

the Diameter of the Veſſel is fx as before in 
4rt. 5. Another remarkable Inſtance of this Hydroſtatic Pa- 
2200.1 
an 
avy in a lighter Fluid, and which will be a very 
[lluſtration of of the Mer See Arnot. LXI. 
O 3 but 
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Plate XV. 


Fig. 10. 


EF to GH; and then will the Quantity 
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but the Neigbt loſt by the Body is gain'd by the 
Fluid, which will be ſo much heavier than be- 


fore (LVII.) 


(LVII) This is the fundamental Principle of every Hydro- 
ſtatic Proceſs, particularly of the whole Doctrine of Specif: 
Grewvitics ; which therefore cannot be made too plain and eaſ 


Y 
to be underſtood. To this End, let ABC D be a Veſſel fül'd 


with Water to the Height EF; and let I be a cylindric Body 
theavier than Water) to be immerſed therein, as at L. By 
this Immerſion of the Body I, a Quantity of the Fluid 4 54 
equal in Balk to the Body, will be diſplaced by the ſu- 
perior Force or greater Gravity of the Solid : And this 

tity of Fluid muſt aſcend, (as being confined towards the Bot- 
tom and Sides) and fo raiſe the Surface af the Liquor from 


EFGH be equal to 
the Bulk of the immerſed Solid as cd. N 
2. But as the Solid comes to enter the Fluid, each Particle 
of the Fluid by its Vir herfie will reſiſt the Solid, or endea - 
vour to oppoſe its Deſcent with all its Power; and fo the 
whole Body uf the Fluid that is removed or diſplaced by the 
Solid will refut it by the united Force of all the Particles: But 
this Force is equal to the Gravity of the Fluid removed, 3s is 
evident from hence, that the Fluid fo removed is obliged to 
aſcend or move in a Direction quite contrary to Gravity: 
Wherefore the Solid in iti D foert will be rifsfted ty a Force equal 
10 the Gravity of an vue / Bulk of the Flnid. 15 of 
3. A Confrquence of this wil be, that, fince Action and 
Re· action are equal, there will be juſt as much of the Grari- 
ty of the defcendmg Solid deſtroy d, as is equil to the reni- 
tent Force, that is, to the Gravity or Weight of an equal 
Bulk of the Fluid. Whence tis evident that all Bodies im- 
merſed in Fluids will weigh lighter if ſuſpended therein at the 
End of a Balaice, chan in the Air; and lighter in the Air 
than in Yacw, where only the true, real, or abjolute Weight of 
Baues can be from or known. A ait 
4. And fince the Porte which reſiſts the Deſcent of Solids 
is prop tion i to their Bulk only, it follows, that equal Bo- 
dies immerſed in Fluids loſe equal Parts of their Weight ; and 
therefore a lighter Body loſes more of its abſolate Weight, 
than a heavier one of th ſame Bulk : And conſequently if 
two Bodies of vnequal Bulk zrc in Eguililrio in the Air, that 
Equilibrium will be deſtroy d on their being im merſell in the 
Fluid ; becauſe that which has the largeſt Balk will loſe moſt 
Weight in the Fluid, ; | 
8 - XIV. In 
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1 XIV. Ir any Body E could be found without Pl. XVI. 
Weight, it would, if placed on the Surface of a Fig. 3- 
Fluid A B, float thereon without any Part im- 


Again; 'tis plain the Weight of the Fluid is aupmented 
in dhe ſome 4 as — the immerſed Solid is di- 
miniſhed ; for the Force or Action of the Fluid on the Bottom 
of the Veſſel C D is before Immerſion to that afterwards as 
the Altitudes C F to CH, or to the Bulks of the Fluid E FCD 
and GH CD. And fince thoſe Bulks act only by their Gra- 
vity, tis plain the Action of the Fluid is increaſed only by 
the additional Gravity of the Quantity GHFE, which is 
equal to that which the Solid loſes by Immerſion, as was be- 


1 


: fore ſhewn in Art. 2. All which Caſes anſwer very exacuy 
l by Experiments. 
\ 6. From what has been premiſed we may eaſily apprehend 


what is meant by Specific Gravity, viz. that which is peculiar 
4 any Sort or Species of Matter or Bady, auen confidered or com- 
fared in given. Bulk or Magnitud:, as a Cubic Inch, for In- 
ſtance. Thus we ſay, the Specific Gravity of common Wa- 
ter is to the Specific Gravity of Lead, as the Weight of a Cu- 
bie Inch of Water to the Weight of a Cubic Inch of Lead. 
And as the Abſolute Weight of Bodies is their whole Power of 
Gravity in Vatus, ſo Relative Gravity is that which they 
have in any reſiſting Medium, as Air, Water, Ce. and is 


ö 


/ equal to the Abſolute Weight diminiſhed by the Weight of 

an equal Bulk of the Medium. | 
4 7. What relates to the Ab/olute and Specific Gravitiet, the 
. Maynitude, Denfity, c. of Bodies, will beſt be underſtood plate XV. 
by ſymbolical Computation; in order to which let A and B be Pig. 11. 
\ two Bodies of equal Bulk, but different Quantities of Mat- 
* ter; and let B and C be two other Bodies with equal Quanti- 
R ties of Matter, but of different Bulks: 
Ir D = Denfity 
f tad led Þ = Bal * in the Body A. 

1 Quantity of Matter 5 

bs = 5 | 
)- Alſo 51 = Bak * in the Body B. 
d 2 | 
t, == Denſity 
if And 37S pak in the Body C. 
G „ SED hs Dent) of ay Body is properiicaal 
e 8. ien, e an is p 10 
ft to the Quantity of Matter —— equal Ball, we ſhall have ; 


Du M: M; and, becauſe when the Quantities of Mat- 
. 0 4 mer ſed; 


n 
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merſed; for being devoid of Gravity, it could 
have no Force to diſplace any Particles of the 
Fluid, and fink therein. 

XV. Ir any heavy Body F, lighter than an e. 
gual Bulk of the Fluid, be placed on its Surface, 
it will fink or deſcend herein, till it bas removes 
or diſplaced k much of the Fluid whoſe Weight is 
equal to that of the Body: For then the Preſſure 
upwards and downwards on the under Surface 
of the Body is equal; and conſequently. the 
Body will be there quieſcent, or in Equilibris 
with the Fluid. Hence the wbole Solid is to the 


_— RT hence D = 
= # conſequently DMB = 46M. But B;, 


and M= n; . we have 
D:4::6M:mB; andB:ib::dM:; Dy; 2 
. 7 * pecific Gr of Bodies being the Weighs 
avity as 

asl. 44 of Matter, in equal Bulks, wil be 
as the Denſity: Therefore D: 4 :: S: 4; and by Subſſitu- 
tion of Ratios we haye the neral Theorem above become 
SBA = AM. And fince Apſolute Weights (A, @,) of 
any two Bodies are as the ditzes of Matter, we have 
SB. Af. Wherefore S:;:; Ab ; aB; that is, the 
Gravities will be as the Abſolute Weights direct), 
and the Bulks inverſely, or as the Abſolute Weights divided 
by we halte 

10. Alſo A: 2 :: 83:74; 8 
of Bodies are r and Ratio of their 8 ra- 
vities and Bulls. Or the Abſolute Weight of any Body is 
had by multiplying its Bulk and Specific many together. 
11, Again, becauſe B: 3 :: A7: 48. it appears that the 
Balk or Magnitudes gf Bodies vill be as the tiolute Weight 
directly, and Specific Gravities inverſe 14 the Magnitude 
| She any 4 is had by dividing its Weight by its 


Gravity, | 
imwerſe 


err as the Deni 
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immerſed Part, as the ſpecific Gravity of the Fluid 
jo that of the Solid (LVIII.) 

XVI. Ir @ Solid, as G, equal in Weight to an 
equal Bulk of the Fluid, be immerſed therein, it 


cy 


2 


(LV 1. This Caſe is not ſtriftly true but in Yacuo ; for plate XV 
inthe Air ſuch a Body may be conſider'd as ſuſtain'd in two pig. 12. 
Mediums, wiz. Air and Water ; in one of which it will fink © & 
or deſcend, and in the other riſe. And therefore to repreſent 
the true State of this Matter univerſally, we muſt raiſe a ge- = 
neral Theorem in the Manner following : Let ABCD be a n 
Veſſel fll'd firſt with an heavy Fluid to the Level EF, and 
from thence with a lighter Fluid to AB. Suppoſe the Solid 
X fuſtain'd by thoſe two Fluids; let the Part in the heavier 
be call'd A, and that in the lighter B ; and let the ſpecific 
Gravities of the heavier and lighter Fluids be as . 
2. Then ſince the Part A diſplaces a Bulk of the Fluid 
Bul - 


, , MS Ch an 


G 
then the Sum of the Weights of the tw 
Fluids muſt be equal to the Weight of the Solid; otherwiſe 
it could not be ſuſtain d by them: Therefore Aa + Bb = 
Rc SAT BN e. Hence AA Ac = Be — Bb. ' Con- 
ſequently, A: B:: c—b 1 a—c; and compounding, A: 
A+B(=X): c—b! a—b. | 

3. Theſe two Theorems are thus expreſs'd in Words: 

1. As the Part of the Solid within the heavier Fluid is 
to the Part contain d within the lighter: So is the 
Difference of the ſpecific Gravity of the Solid and 
lighter Flaid, to the Difference between the ſpecific 
Gravity of the Solid and the heavier. 

2. The Part of the Solid in the heavier Fluid is to the 
whole Solid, as the Difference between the 
Gravity of the Solid and lighter Fluid, to the Dif- 
ference between the ſpecific Gravity of the two Fluids. 

4. Hence, if b=o, we have A: X S: a; that is, the 
Pat immerſed is to the whole Solid, as the ſpecific Gravity 
ol the Solid to the ſpecific Gravity of the Fluid. And if the 
wo Fluids were Water and Air, Water and Oil, or any other, 
ind their ſpecific Gravities given, with that of the Solid, jt 
val be eaſy to find the Parts of the Solid confain'd in either 
lud by the Theorems above-mention'd. . 


4 equa] to A, the abſolute Weight of that Bulk of Fluid will 
: be As, (by Auer. L VII. . 10.) and for the fame Reaſon 
; the abſolute Weight of a Bulk of the lighter Fluid equal to 
8 vill de Bb, c be the ſpeci the Solid X 
e 
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will take any Situation indifferently in any Part of 


the Fluid, as at G, H, I, without any Tendenq 
to aſcend or deſcend therein : For being totally im. 
merſed, it muſt remove a Parcel of the Fluid 
of equal Bulk and Weight; and conſequently 
the Preſſure upwards is equal to the Tendency 
downwards on the lower Surface every where, 
and therefore it can have no Power to fink : Al. 
ſo the Preflure downwards mult be equal to the 
Preſſure upwards on the upper Surface, whence 
it can have no Tendency to riſe or ſwim ; it wil 
therefore remain at Reſt in any Poſition, G, H, 
I, whereſoever in the Fhid (LIX.)) 

XVII. LasrIv, Fa "Body K or L, beavir 
than. an. equal Bulk of the _ Fluid, be immerſe! 
therein,” it will deſcend by the Exceſs of its Gravity 
abovz that of the Fluid: For, when immerſed, 


(LI 1 have ſhewu, that while a Body is ſuſpended in a 
Medium, its abſolute Gravity is diminiſh'd by the Refiſtance 
of the Medium; it is therefore only the relative or ros 
Gravity of the Body that we find in ſuch a Caſe: And ti 
_— to the Difference between the ſpecific Gravitici 
of and the Medium, it is plain, where that Dil 
ference vaniſhes, that is, where the ſpecific Gravities of the 
Body and Medium are equal, there the relative Gravity wil! 
become Nothing: whence ſuch a Body ſuſpended by us if 
ſuch à Fluid has no ſenſible Weight. | And this is the Reaſon 
why a Bucket of Water, while in the Water, ſeems to hav: 
no Weight; becauſe the ſpecific Gravities of the Water in 
the Bucket, and of dhe Wood of che Bucket, being the fan: 
with that of the Water in which it is ſuſpended, there can be 
no relative Gravity of the Bucket of Water experienced, and 
therefore.no Gravity or Weight at all. The Want of con6- 
ing this has been the Occafion of many abſurd Poſitions and 
'Concluſwns in Philoſopby ; as abſolute Levity, a Di. 


it 
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it will be reſiſted by the Force of an equal Bulk 
of the Fluid, which therefore will deſtroy juſt 
ſo much of the Gravity of the Solid; and con- 
quently, the Reſidue or Exceſs of Gravity in 
the Solid is that alone by which it muſt de- 
ſcend (LX.) | 


1. As thoſe Bodies ſwim which are ſpecifically lighter 
1 ond as above explain'd ; io echers Gai '6s Giibent in 
2 Fluid by being ſpecifically heavier, that is, by their relative 
Gnvity. Thus, if the ſpecic Gravity of the Solid be to 
that of the Fluid as 3 to 1, then 3 —1=2 js the relative 
Gravity by which it deſcends : If the ſpecific Gravities are as 
7101, chen 7 —1 = is the relative Gravity. Whence 
we obſerve | | | 


2. That the Deſcent of Solids in a fluid Medium is the ve- 
ry fame with that of Bodies deſcending on an inclined Plane, 
becauſe in both Caſes the abſolute Gravity is only dimimiſh'd, 
by the Reſiſtance of the Medium in one Caſe, and by that of 
the Plane in the other ; and therefore all the Properties of the 


F 


a Medium lik 


3. This relative Gravity of Solids, by which they fink or Plate XV. 
ſwm, is uſually illuſtrated by the Deſcent and Aſcent of Glaſs Fig. 13. 


Images and Bubbles included in a Jar of Water cover'd over 
with a Bladder, fo as to include a ſmall Quantity of Air be- 
tween the Bladder and Water. The Images, fc. have ſmall 
Holes in the Bottoms of their Feet, through which ſome Wa- 
ter is put into their Bodies, and that in ſuch Quantities as will 
render them but very little ſpecifically lighter than Water, but 
{ome more ſo than others, that they may not begin to move 
all together. 

4. The Images being thus put to float in Water, and the 
Bladder tied down, if the Hand be laid on the Bladder, and 
gently compreſſes the Air beneath, the Air by its Spring will 
act upon the Water, and eauſe it to compreſs the Air in the 


Bodies of the Images, by which means more Water will be 


driven into their Bodies 3 and when ſo much is got in as will 
make them ſpecifically heavier than the Water, then they will 
begin to deſcend one after another; and by varying the De- 


gree of Preſſure you ma keep them ſuſpended in Part 
of the Fluid as you pleaſe. | han ; 0 


5. It is to be obſerved, that the Matter of which the Bo- 
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Frem what has been premiſed of the Nature 
af Fluids, it will be eaſy to underſtand, ba. 


dies of thoſe Images and Bubbles are made ought to be ſpeci 
fically heavier than Water, that they may fink when fill d with 
Water, which otherwiſe they could not do : They are there. 
fore made with Glaſs, which is about three times heavier than 
Water. Alſo the Holes in the Feet ought to be very (mal, 
leſt the Water ſhould run out into the Air. 

6. On the contrary, if the Images were but juſt heay 
enough to fink to the Bottom of the Jar, if then the Bladder, 
inſtead of being preſs'd down, were lifted up from the Sur 
face of the Water, the Air would itſelf, and have : 
leſs Spring ; and therefore the Air alſo in their Bodies would 
exert its Spring, (which is now greater than that under the 
Bladder) and drive ſome Water out of their Bodies, by which 
means they will become ſpecifically lighter than the Water, and 
riſe in it to the Top. W ef 

7. The or Bubble will fink or ſwim without the Ar- 
tikce of a er, if nicely managed; for if Care be taken 
to have juſt ſo much Water in the Image as will render i 
. 
the ; if then you put it into a proper Depth, the 12. 
tural Preſſure of the Fluid upwards will force ſo much Water 
more into it, as to make it heavier than Water, and from 
that Place, it will of its own Accord, fink down to the Bot- 
tom. Whence it appears the ſame Body will fink or ſyn 
in the ſame Medium, according to the different Circumſtan- 
ces it is under from the Medium, and not from any Thug 


Bottom ; and the Heat of the Water will rarify the Air in de 
— B, by which means the Water in it will ant mo 

, and the Bubble thereby becoming lighter, will xi 
che Top. Thus by this Artifce, the Image gnd Bubbls vil 
ſpontaneouſly (as it were) change Places; which pleaſant Fx. 
perument, or Hydroſtatic Problem, — 
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the kgbteſs Body P may be depreſs'd in the heavieſt 
Fluid, by any Contrivance to keep the ſaid Fluid 
from preſſing on the under Surface of the light 
Body, by which means only light Bodies are 
made to ſwim. Thus Cork or Wood will abide 
a the Bottom of a Veſſel fill'd with Quick- 

Acain: On the other hand, the heavieſt Body 
M may be made to fwim in the lighteſt Fluid, by 
leepinx the ſaid Fluid from preſſing on its upper 
Surface, by means of the Tube NO: For when 
by this means it is immerſed ſo deep as to keep 
off an equal Weight of the Fluid, the Preſſure 
then of the Fluid acting upon its under Surface 
upwards will be equal to the Weight of the So- 
id tending downwards; and therefore if the So- 
Id be ſunk ever fo little deeper, it muſt ſwim 
by the ſuperior Force or Preſſure of the Fluid 


upwards (LXI.) 


Jun Cafwell; Aſtronomy Profeſſor at Oxford, near 40 Years 
ago, 


(LXI) Thus for Inſtance, if the Body M be 5 
heavier than Water of an equal Bulk, and if by means 
its upper Surface, the Water 


t 
77 
1 
15 
1E 


the under Burface upwards will be as 7, but 
therefore ſince there is the Exceſs 
Body can- 
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Hencz alſo the Reaſon of trying the differey; 
Gravity, - Denſity, or Strength (as it is commonly Þ 
calFd) of divers Fluids or fpirituous Liquors by 
the HyproMeETER or Water*Poiſe: For, ſince W 
the ſtronger any Fluid is, the greater will be it; 
Reſiſtance to any Solid - immerſed, tis evident 
the Hydrometer cannot ſink ſo far into the heavy } 
or ſtrong Fluids, as into thoſe which are lighter 
or weaker. The ſeveral Degrees of Strength, 
therefore, are eaſily ſhewn by the graduated Neck 
of this Inſtrument (LXII.) 


Body M be immerſed to the Depth af 10 times its Thicknef 


. below the Surface, with a Tube to keep off the Water from 


its upper Surface, then whatever be the Form of the Tube 

„ Water pour'd into the ſame will in all Forms 

thereof, at the Altitude of 5 times the Thickneſs, make the 

Preſſure on the under Surface u and downwards equal, 

a itude be ever ſo little increaſed, 

Body will deſcend. If the Body be immerſed to a Depth, 
2 
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the Quantity thereof. 
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Tur HyDRoOSTATIC-BALANCE is alſo an In- 


ſtrument invented on the ſame Principle. By it 
we have a moſt uſeful and ready Method of finding 
e various comparative or ſpecific Gravities f 
Fluids and. ſolid Bodies, to the laſt Degree of Ac- 
curacy; eſpecially in the New Structure and Me- 
thed of ung it, as repreſented in Plate XVI. 
Fiz. 4. The Parts of which are as follow ; A B, 
the Foot on which it ſtands z C D, a Pillar fupport- 
ing a moveable Braſs Plate E F, faſten'd thereto 
by the Screw in the Knob e. In the End of this 
Plate is fix'd an upright Piece IK, ſupporting 


Shank A F fix'd into it on the upper Part, which by its 
Vegkt cy he Body of the Inſtrument to deſcend in the 
Fluid with Part of the ſaid Stem. (4. ight F 
ſcrew'd on upon the Top of 

the Inſtrument to fink ſo far, that the Surface of the Fluid 
may always cut the Stem in its middle Point G. 

3. Tho' the, above be the uſual Structure and Compoſi- 
tion of this Inſtrument, it is certainly not the i 


beſt 
the Body or Globe ABCD be of Ivory, it will imbibe part 
be 


and conſequently the Experiment cannot be juſt. If it be 
of Glaſs, it will be ſubject to break, and will fland in need 
of Screws, Solder, Leather, &c. to make the Parts tight, 
which will be found alfo both inaccurate and inconvenient, 
The beſt Way therefore is, to have it made of Metal, wiz. 
of Copper; with a Braſs Stem above, ſolder'd on; and a 
Braſs Ball below to ſcrew on with a very nice Shoulder; then 


another 
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being deſtroy d by immerging the Solid in the 
Fluid T V, cuntain'd in the Glaſs WV, is again 
reſtored by Weights put into the Scale P. $9 
that the Weights in the Scale Q compared with 


Spring-Water, Sea-Water, Salt-Spring-Water, c. And on 


romb-Water, Cheltenham Water, Port-Wine, Mountain, Ma- 


it was uſed for the heavier Waters. «vhs 
7. But in Caſe of trying the Strength of ſpirituous Li- 


Strength and Steadineſs ; and this ought to be ſo contrived, 
that when immerſed in what is call'd Proof-Spirit, the Sur- 


ealily done by duly adjuſting the ſmall Weight F oh the 
Top, and making. the Stem of ſuch a Length, that when 
immerſed in Water, it may juſt cover the Ball, or riſe to A; 
but when immerſed in pure Spirit, it may riſe to the Top at 
F; then by dividing the upper and lower Parts G 4, GF in- 
to ten equal Parts each, when the Inſtrunient is immerſed 
into any Sort of ſpirituous Liquor, it will inimediately ſhew 
how much it is above or below Proof. 

8. This Proof Spirit conſiſts of half Water, and balf Al- 
cohol, or pure Spirit, that is, ſuch as when pour'd upon Gun- 
powder, and ſet on Fire, will burn all away, and permit the 
Powder to take Fire, which it will, and flaſh as in the open 
Air. But if the Spirit be not ſo highly reCtified, there will re- 
main ſome Phlegm or Water which will make the Powder 
vet, and unfit to take Fire. This Proof-Spirit of any Kind 
weighs ſeven Pounds twelve Ounces per Gallod. 

,* The common Method of ſhaking the Spirits ih a Vial, 
| raiſing a Crown of Bubbles, to judge by the Man- 
ner of their riſing and breaking away, whether the Spirit be 
Proof or near it, is very fious, and capable of great 
Fallacy, . There is no way fo caſy, quick, certain; and phi- 
loſophical as this by the Hydrometer, which will demonſtrate 
nfallibly the Difference of Bulks, and conſequently ſpecific 
Grvities, in equal Weights of Spirits, to the 30, 40, or 50 
thouſandth Part of the Whole, which is a Degree of Accu- 
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in various Sorts of Waters, as Rain-Water, River- Mater; 


the other Side you mark the Diviſion to which it finks in va- 
rious lighter Fluids, as Hot-Bath-Water, Briſtol-Water, Lin- 


Lira, and various other Sorts of Wine. But in this Caſe, the 
Weight F on the Top muſt be a little leſs than before, when 
quors, a common cylindric Stem will do beſt, becauſe of its 


face of the Spirit may be upon the middle Point G, which is 
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thoſe in the Scale P, ſhew at once the ſpecific Gra- 
vity ef the Solid R to that of the Fluid TV 


(LXIII.) 


(LXIII.) The Reaſon why I have given no Account or Fi. 
on of tho (Hong eee 
where to be found in Books of this Sort; but 
, becauſe I would adviſe Gentlemen to the Uſe of that 
exhibited in the Lectures, which they will find far more ex- 

and exact, and therefore much better fitted to an- 
4s Nall of frk a> Idan, 2 
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therefore the Weight being reduced, the Balance may 
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een Grariieof ids being firſt 
are then eaſily com with each other; 
the Weight of one Solid, , the Weight of any 
ES nd, al of ual Bulks; and 
8-651, F r 5 W S8, 
=I; conſequently S: 1215 W: W:: 5777 that 5, 
Gravities of the Solids 8 and s areas 5 to 7. 
ſame Manner the fpecific Gravities of Fluids are 
being firſt compared with that of any one Solid. 
As the very Notion of ſpecific Gravity implies Com- 
on, ſo there muſt be ſome Sort of Body kd upon, whoſe 
muſt be made a Standard for the Gravities of other 
boden of equa outer? wag N This Standard 
y muſt have two Pro ; firſt, it muſt be eaſy to be 
or come at upon Occations; and, ſecondly,” it muſt 
of a fix'd unalterable Nature, or at all Times the fame, 
there may be no Variation of its Gravity in equal Buks 
in different Times or Places. Now *tis certain ſuch a Body 
204 be of the Fluid Kind, becaoſe the beſt Way of find- 
ing ſpecific Gravites is by Immerſion. 
hay + Among Fluids there are none which iſe the Re- 
quiſites for a Standard fo fairly as Water. Yet here we nd 
various Kinds, and of different Gravities, and none which 
on unexceprionable. Rain-Water is the —. — of 
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ſo nearly always the ſame, that cou 3 
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Taz ſpecific Gravity of Fluids is readily de- 
termin'd by weighing one and the ſame ſolid 


mon Water, by means of the Hydrometer, might be always 
made a Standard in the following Manner. 

5. Let there be a i 14 . 
Water to give it a 7 or Denſity, a little greater than 
any Water of that Kind — one to have natu- 
rally. Then let a very exact Hydrometer be ſet to 
float therein, and obſerve at what Di of the Neck 
the Surface of the Water ſtands; and that will be the Point, 
to which the Hydrometer ought to fink in the Water de- 
fign'd for theſe Experiments, and which it may eaſily be made 
to do by the Solution of Salt therein, or a Mixture of Salt- 
Water therewith. And a better Method than this, for pro- 
curing a Standard Fluid, I am not able to think of. | 

6. By this Method I only propoſe to fix a Standard for 
very nice Enquiries; but for common Uſes, common Water 
will do, whoſe Gravity muſt be repreſented by Unity or r, 
or, (in caſe of conſtructing Tables with great Accuracy) by 
1,000, where three Cyphers are added to give room to ex- 
7 the Ratios of other Gravities in larger Numbers in the 

able. In doing this, we have a twofold Advantage; the 
firſt is, that by this Means we can expreſs the ſpecific Gra- 
vities of Bodies to a much greater Degree of Accuracy and 
Exaftneſs. The 2d is, that the Numbers of the Table do 
alſo expreſs the Ounces Averdypeis contain d in a cubic Foot 
of Sort of Matter therein ſpecified, becauſe a cubic 
Foot of common Water, is found by Experimeat, to weigh 
very 9 1000 Ounces. ; * 

7. Now an Ounce Averdupois weighs 437; Grains, 
an Ounce Troy contains 480 Grains, wo £27 the Averdupois 
Ounce is to the Troy Ounce, as 4374 to 480, or, 'as 51 to 
56 nearly. The Averdypeis Pound is to the Tray Pound as 
4373 x 16== 7000, to 480 x 12 = 5760, that is, as 17 to 
14 nearly; ſo that a cubic Foot of Water weighs 62 . 
Averdypois, and nearly 7616. Troy. And hence it is that ſuch 
a Table becomes ſo uſeful in the Solution of various Phyſical 
and Mathematical Problems, and Science of Geometry, ex- 
tended by Hydroſtatic Principles. | 
8. From what has been ſaid, nothing can be eafier to be 
underſtood, than the Method or Praxis of the Hydtoſtatic 
Balance, for finding the f Gravities of all ſuch Sol ids 
as are heavier than Fluids, and will fink in them; but for 
thoſe Which are lighter, as Wood, Cork, &c. and will not 
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Body in them ſeverally; for ſince we ſuppoſe the 


Balance in Equilibrio with the Body ſuſpended in 


Pl. XVII. 
Fig. 1. 


be totally immerſed, a different Method muſt be taken, vir. 
the lighter is to be connected to an heavier, and ſo both to- 
to be immerſed into the Fluid, as one compound 
y, and its ſpecific Gravity thus determined; then having 
the ſpecific Gravity of the heavier Body, and of the com- 
mul. de of che lighter Bod will be eaſily found, 

9. For ſuppoſe to a Piece of Copper, weighing 18 Grains, 
be tied a Piece of Elm Wood, weighing 15 Grains, then 
will the Compound weigh 33 Grains: Again, ſuppoſe the 
Copper alone in Water weigh'd 16 Grains, and the Com- 
pound only 6 Grains; the Loſs of Weight in the Compound 
will be 27 (= 33 —6) which is the Weight of an equal Bulk 
of Water: If from this we ſubtract 2 (the Loſs of Weight 
in the Copper, and Weight of an equal Bulk of Water) the 
Remainder 25 will be the Weight of a Bulk of Water, e. 
qual to that of the Elm. But the Weight of the Elm ws 
15 Grains: The ſpecific Gravity therefore of Water is to 
that of Elm-Wood, as 25 to 15, or, as 1 to o, 6. 

10. Another Way more ſimple to find the ſpecific Gn- 
vities of light Bodies (without tying them to heavy ones) i 
as follows, ABCD is a Veſſel of Water, in which is placed 
a ſmall Pulley E,*on a Foot F; G is a light Body floating 
on the Surface of Water; HI is a Balance, IE G a Hork- 
Hair going round the Pulley, and connecting the light Body 
G to the of the Balance. Now let the Veſſel be placed 
in ſuch a Manner, that the Body G refuſing to go unde: 
Water, may draw*the Balance H I out of an horizontal Po- 
ſition ;: then ſuch a Weight L, placed in the Scale K, as wil 
draw the Body G under Water, and reſtore the horizontal 
_ Poſition, or Equilibrium of the Balance, will diſcover the 
ſpecific Gravity of the Body G. 8 
11. For fince Bodies aſcend, as well as deſcend, by the 
Differences of ſpecific Gravities, or relative Weight; 't 
plain the Weight L, that detains the Body under Wate, 
- muſt be equal to the Exceſs of the Weight of the Fluid, 2 
bove that of the Solid under equal Bulks, and therefore tbr 

Weight L, added to that of the Body, will give the Weigl 
of an equal Bulk of Water and of courſe the ſpecifis Cn 
vity. For Example, let the Body G be a Piece of En. 
Wood weighing 36 Grains, and the Weight L ſufficient b 
. detain or keep it under Water, will be found equal to 24 
Grains; then 36+ 24 = 60= the Weight of Water, 12 
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the Air, the Equilibrium will be deftroy'd when 
the Solid is immerſed in the Fluid, and muſt be 
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in Bulk to the Elm. Conſequently the ſpecific Gravity of 


Water is to that of Elm, as 60 to 36, that is, as 1 to 0,6; 
the ſame as was found before. Note, The Weight of the 
Scale K muſt be added to the Weight L, becauſe 'tis all the 
Force > oo the Point H that keeps the Body under Water. 

12, There is yet another Way, and that a very good one, 
for finding the ſpecific Gravities of ſuch Liquors as will not 

mix with each other, as Water and all Kinds of Oil; it is 
thus: Let ABCD be a Veſſel of 8 EF, 
and GH a Tube dipt in Oil firſt, for the Oil to rife a ſuf- 
ficient Height therein, when the upper Orifice H is to be 
ſtopp'd cloſe with the Finger, and thus immerſed into the 
Water of the Veſſel; then the Finger being taken away, the 
Oil will ſubſide and ftand at the Atticade GT in the Tube. 
Now ſince this Column of Oil is balanced or ſuſtain'd by a 
Column of Water of an equal Baſe and Altitude CF, and 
the Denſities of Fluids are reciprocally as the Bulks, the 
ſpecific Gravities (which are as the Denſities) will be as the 
Bulks, that is, the Altitudes reciprocally, (becauſe the Quan- 
tity of Matter is the ſame in both) therefore if GI = 100, 
and C F == 87, the ſpecific Gravity of the Oil will be to that 
of the Water, as 87 to 100, or that of the Water to that 
of the Oil, as 1,000 to 0,87. 

13. In like Manner, if ABCD be a long Tube with a 
litle Mercury pour'd in to a ſmall Height & c, and then a 
2 open at both Ends, be put into — 
Y, if Water be pour'd into the Tube upon ercury 
to the Height 2 Inches, ell by its Preſſure raiſe the 
Mercury to the Height & of one Inch in the ſmall Tube above 
the Surface of that in the large one ; which ſhews that the ſpe- 
ciic Gravity of Mercury is to that of Water nearly as 14 to 1. 
As will appear by the iment if accurately made. 

14. Once more; Way, which in ſome Caſes may 
do very well, to find the ſpecific Gravities of any different 
Liquids, is by means of a recurved Tube A DG, in which if 
Quickſilver be pour'd firſt to fill the Bottom Part, arid then 
one Liquid into 0:.< Leg, and another Liquid into the other 
Leg, in ſuch mar: ihat they preſs on the Quickſilyer on each 
Side equally, which will appear by the Surface on each Side 
being in the ſame horizontal Line CE ; then will the ſpecific 
Gravity of the Liquid in the Leg AC be to that in the Leg 


P 3 then 


Pl. XVII. 
Fig. 2. 


214 


HypROSTATICS, 


then reſtored by Weights put into that Scale to 
which the Body is appended. Theſe Weights 


E G, ng ſp of to fence EF to the Altitude of the 
former CB. 

15. By the Table of ſpecific Gravities it appears that Gold 
is the heavieſt Body in Nature, and that Mercury is next to it 
in Gravity ; and conſequently Gold only will fink in Mercury ; 
therefore by wei Mg Gold in Mercury and Water, the ſpe- 
cific Gravities two Fluids may be determined by the 
Hydroſtatic Balance : But fince Mercury will readily adhere to 
Gold, it will create us ſome Trouble in getting it off again, 
which muſt be done by Fire, or Agua Fortis ; as the latter i 
not always at hand, 'tis common to put the Gold into the Fire, 
hut Care muſt be taken not to put it into a Coal Fire, becauſe 
the acid Spirit of the Sulphur will leſſen the Coheſion of the 
Particles of the Gold, and fo render it very brittle, and apt to 
break, eſpecially when laid on a cold Stone to cool; the bel 
way therefore to find the ſpecific Gravities of theſe Fluids i 
that above directed in At. 13. 

16. 4 TABLE of SPECIFIC GRAVITIES. 


Of MET ALS. 
Fine or pure Gold, t9,640 
Gold of a Guinea of George II. NG 
Gold of a Moidore, 17,140 
Silver ſine or pure, 11,091 
Silver of a Shilling of George II. 10,000 
Lead, 10,130 
9,000 
7,850 
8,000 - 
7,704 
7.645 
a 14559 
ty. MINER ALS, ORES, &. 
Copper Ore, 3.77 
Lead Ore, 6,8 
Biſmuth, 
Turbith Mineral, 
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18. STONES, FOSSILS, &c. 


Adamant or Diamond, 

A Pſcudo-Topaz, 4,270 
2,631 
2,666 
4,360 
3.978 
2,510 
2,568 
An 22705 Agate, 2,512 
Turcais 2,508 
3.598 
4.589 
2,659 
. 2,720 
iti 2, 894 
5 3.054 
tites 4,360 
5,000 
Lapis Judaicus, 2,500 
Lapis Manati, 2,270 
Lapis Amianthus, or Aſbeſtos from Wales, 2,913 
— » ditto, from Tac, "2,360 
Glaſs of the common Sort, 2,666 
Flint, 2,542 
Black Valian Marble, 2,704 
White alian ditto, 2,707 
A fine Marble, 2,700 
Another ditto of htaly, 2,718 
A pellucid Pebble, 2,641 
A Selenitis, 2,322 
Mundick, or Gold Spar, 4.410 
Kid Stone, 3,600 
Blue Stone, 2,740 
Star Stone, 3,450 

_ Paving Stone, 2,4 

Tord Stome, 2,49 
Alabafter, 1,875 
Rag Stone, 2,470 
P 4 


will ſeyerally expreſs the Gravities of an equal 
Bulk of the reſpective Fluids; and conſequently, 
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| they may thus be compared with each other, or 
all of them with the Gravity of common Water, 


+ Rotten Stone, 1,980 
Stone, 4,309 

Slate 8 i 2,370 
a 2,749 
Oil. Stone, f 2, 380 
An Hone, 2,388 
2,270 

of Brown Stone Bottle, 1,777 

Piece of White Stone Mug, 2,250 
Tale, 2,657 
? 2,780 

3,000 

2,727 

1,300 

_ 1,840 

Piece of Sto a arp hank, 2,618 
ditto, 2,509 

Briflel Stone, 2,510 

19. ANIMAL SUBST ANCES. 
Bone of an Or, | 1,656 
ory, 1,826 
The Tip of à Rhinoceros's Horn, 1,242 
— 2 an Ox Hom, 1,840 
—— Of a Stag's * 1,875 
— Ka 1, 700 
_ 1,249 
itto | 1, 

Ditts, | 1.605 
Shell 2,092 

urex Shell, 2,590 

A Cockle Shell, 2,520 
Mother of Pearl £ 2,490 
A Piece of hard Fiſh Skin, 1,621 
A Piece of dried Fleſh of Fiſh, 1,129 
The Quill Part of a Fezther, _ 1,330 
20. FEGETABLE SUBSTANCES. 
Dry Box-Wood, 1,030 
D Oak, 5,945 
Pm E, ; 0,600 


king that of Water 1,000. 
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21. MISCELL ANEOUS 


Amber, 
Sulphur Common, 


of the laſt Year, 
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j uſual, and diſpoſed in a proper Table; ma- 


2,930 


1,040 
1,238 
1,530 
1, 50 
1,800 
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lm the fame Manner, if divers Solids are fit n 
weigh'd in Air, and then afterwards immerſi I . 


25,000 
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Oil of Aniſeed, 

Oil of Caraway-ſced, 
Oil of Linſeed, 
Oil of Mint, 
5 — 

Oil of Origany, 

Oil of 
—＋— 

Oil of Tarpemins, | 
Spirit of Turpentine, 
Spirit of Wine reQified, 
mona! (ale of Whas, 
Spirit itnol, 


F 
; 


1 
888828 


Spirit " 
Spire Honey, 
Spirit of Nitre, ; 


E 
F 
£ 


u the ſame Fluid, as Water, for Inſtance, the 
e Equilibrium will be deſtroy'd ; which will be re- 


o, 865 
1,190 
4-615 
1,450 
1,100 
1,126 
1,030 


1,895 


1,000 
0,993 
0,999 
1,009 


1,030 


1, 300 
1,234 


_ 1,700 


1,03 
0,9 
0,994 
0,940 
0,932 
0,975 
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ſtored, as before, by putting in ſo much Weigh 
as is equal to the Weight of the ſame Bulk d 


Spirit of Tartar, 1,077 
Tincture of Antimony, 0.964 
Buttey of Antimony, 2, 470 
Balſam of Tolu, : 0,896 
Lixivium of Salt of Tartar, 1,550 
Burgundy Wine, 0,953 
Canary, ' 1,033 
Red Wine from Pontac, 0,993 
White-Wine- Vinegar, 1,011 
Diſtill d Vinegar, 1,030 
Milk of Goats, 1,009 
Cow's Milk, 1,030 
Urine, 1,030 


23. Since all Bodies are ſubje& to expand with Heat, and 
be condenſed with Cold, it muſt follow, that the ſpecific Cn 


Ix 
5 f 
dies in Summer and Winter was 
Summer. Winter. 
88 ſl 
| eK. ir, gr. n. . gr. 
Brandy, o 4 32 0 4 4 
DiftlF'd Water, o 5 8 o 5 1 
Spring Water, © $$ 1 _ 0 HW 
River Water, o 10 0 5 13 
Spirit of Nitre, o : 24 o 6 44 
Spixit of Sea-Salt, © 5 49, © 5 55 
Spirit of Vitriol, o 5 33 o 5 38 
Oil of Vuriol, o 7 $9 o 7 7¹ 
Milk, © 5 20 o 5-25 
Mercury, 7 1 66 7 2 14 
Vinegar, 2 o 5 41 
Ditis Diſtill'd. 11 o 5 13 


24. All this may be fill render d more apparent by taking 
the ſpecificGravities of theſe Liquors, (1.) when they are ve) 
cold; (2.) when they are pretty warm; and (3) when the 
are very hot ; 'for in theſe ſeveral Caſes the Subject will di- 
cover a much leſs Denfity or Weight in equal Butks, either 
the Common or Hydroftatic Balance. Water: 
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Vater : The Gravity, therefore, of every Solid 
; thus compared with Water, and conſequently 


25. And as in this, and many other Caſes, it is required 
o be very exact in weighing Bodies, even beyond what is at- 
unable by the niceſt Mechaniſm of the Inſtrument itſelf, I 
hall here give the Reader an Account of an Improve- 
ment of the Common Balance in this Reſpe&, from the late 
learned & Graveſande ; and it _ 2 1 
this Place, as it depends on an ie Principle. i 
Inftrument ſerves nne as in hy- 
droſtatical Matters. | Dy 
26. The Figure of the Machine repreſents. the Balance in 
its hydroſtatic Uſe. I ſhall firſt deſcribe the Machine ; then 
de the new-contrived Artifice for Exaftneſs ; and, laſtly, give 
an Inſtance of its univerſal Uſe. V CG is the Stand or Pil- 
lar fixed in the Table. From the Top at A „ by two 
filken Strings, the horizontal Piece or Bar BB; which 
is ſuſpended, by a Ring at i, the fine Beam of a Balance /, 
which is kept deſcending too eu either ＋ by A 0 
gentle ſpringing Piece #xy 2, on the Supporter M. | 
land h end at 2 to Thew dna the ict 
TO Os Hroned by the ſmall pointed fixed 
I. N 

27. The Strings by which the Balance is ſuſpended paſſing 
ver two Pulleys, one on each Side the Piece at A, go down 
to the Bottom on the other Side, mad are hong! oves tn hot: 
at v; which Hook, by means of a Screw P, is moveable 
about 14 Inch backwards and forwards, and therefore the 
lalance may be raiſed or depreſſed as much. But if a greater 
Elevation or Depreſſion be required, the Sliding-Piece 8, 
rhich carries the Screw P, is readily moved to any Part of 


the ſquare Braſs Rod V K, and fixed by means of a 

28. The Motion of the Balance being thus provided for, 
the reſt of the Apparatus is as follows: HH is a ſmall Ta- 
ble fixed upon a Piece D, under the Scales 4 and e, and is 
moveable up and down in a long Slit in the Pillar above C, 
ud falten d at any Part with a Screw behind. At the Point 
n the Middle of the Bottom of each Scale is hung by a fine 
took a Braſs Wire a, ac. Theſe 
n, in the Table; and to the Wire ad is ſuſpended a cu- 
nous cylindric Wire 77, perforated at each End for that Pur- 
poſe, This Wire rs is Covered with Paper graduated by 
pal Diviſions, and is about five Inches long. | 


with 
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with each other; as in the Table below. 
Tur Application of Hydroftatics to the ſever! 


29. In the Corner of the Table at E is fixed a Braſs Tube 
in which a round Wire 5 is ſo as to move neither tog 


| hard nor too freely by its flat Head I. Upon the lower Pur 


of this moves another Tube Q, which has Friftion enough to 
cauſe it to remain in any Poſition required ; to this is fixed a 
Index T, moving horizontally when the Wire 5 is tum 


about, and therefore may be eaſily ſet to the graduated 


ire 75. 
o. To the lower End of the Wire rs hangs a Weight [, 
to that a Wire p with a ſmall Braſs Ball g, about; d 
an Inch in Diameter. On the other Side, to the Wire «: 
hangs a large Glaſs Bubble R by a Horſe-hair. Let us at pte. 
ſent ſuppoſe the Weight L taken away, and the Wire pa fu 
from 8; and on the other Side let the Bubble R be 
taken away, and the Weight F ſuſpended in its Room t . 
TIT GET we ſuppoſe to be ſuch as will keep in Equi. 
rio with the ſeveral Parts to the other Scale, at the 
ſame Time that the middle Point of the Wire p is in the Sur 
face of the Water in the Veſſel N. 
31. The Wire px is to be of ſuch a Size, that the Lengti 
of one Inch ſhall weigh four Grains. Hence it is evident, 
fince Braſs is eight times heaviet than Water, (ſee rt. 16. 
that for every Inch the Wire ſinks in the Water, it will become 
half a Grain lighter, and half a Grain heavier for every lach 
it riſes out of the Water: Conſequently, by ſinking two Inches 
below the middle Point, or riſing two Inches above it, tis 
Wire will become one Grain lighter or heavier. 

32. And therefore, if when the middle Point is at the Su 
face of the Water i» Equilibrio, the Index T be ſet to tit 
middle Point a of the graduated Wire 7s, and the Diltance 
on each Side ar and as contain 100 equal Parts; then, wie! 
in weighing Bodies the Weight is to the Hund Part 
of a Grain, it may eaſily be had by ing in the follos- 
ing Manner, Let the Body to be weigh'd be placed in the 
Scale 4, and put the Weights in the ez and let theſe be 
ſo determined, that one Grain- more ſhall be too much, 250 
one Grain leſs too little. Then the Balance being gent) 
moved up or down by the Screw P, till the Equilibrium be 
nicely ſhewn at o ; and then if the Index T be at the middle 
Point a of the Wire 5, it ſhews the Weights put into de 
Scale e are juſt equal to the Weight of the Body. 
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Uſcs of Life will be evident from the following 
laſtances; having firſt premiſed, that a Cubic 


33. But if the Index T ſtand at any Part between a and 7, 
it ſhews the Number of Grains in the Scale were more than 
equal to the Weight of the Body in the Scale 4, becauſe the 
Wire pn is now made lighter by ſinking below the middle 
Point. Thus, ſuppoſe the Weights put into the Scale e were 
1095 Grains, and the Index T cuts the 36th Diviſion above a, 
it that 36 hundredth Parts of a Grain are to be added, 
or that the Weight of the Body is 1095, 36 Grains. 

34. On the other hand, had the Index ftood at 36, the 
Diriſon below a, it would have ſhewn the Weights in the 
Scale + were more than equal to the Weight of the Body by 
30 Hundredths of a Grain; and that there _ 0 
the Body was 1094, 64 Grains. By this Method we 
abſolute Weight of the Body; the relative Weight is found 
by weighing it hydroſtatically in Water as follows. 

35. Inſtead of putting the Body in the Scale 4, as before, 
let it be appended with the Weight F at the Hook c, by 2 
Horſe-hair as at R, ſuppoſing the Veſſel of Water O were 
way; then the Equilibrium being made, the Index T ſtand- 
ing between a and r, at the 36th Diviſion, ſhews the Weight 

the Body 1095,36 Grains. As it thus hangs, let it be un- 
merſed in the Water of the Veſſel O, and it will become 
lighter by much; the Scale : will deſcend till the Beam of the 
Balance reſts on the Supporter z. Then ſuppoſe 100 Grains 
put into the Scale 4 reſtored the Equilibrium preciſely, ſo that 
the Index T did again point to the 36th Diviſion above a: It 
is plain the Weight of an equal Bulk of Water would in this 
Caſe be exactly 100 Grains. 

36. But if the 100 Grains in the Scale d cauſe it to prepon- 
derate a little, then by turning the Screw P the Balance may 
be raiſed, till the Wire px becoming heavier reſtores the Equi- 
libre. Let now the Index T cut the 6th Diviſion above a; 
then 36 — 6 = 30, which ſhews that the Wire pn is now 1 
of a Grain heavier than before; therefore the Weight of the 
Water is only 99,7 Grains: Whence its Gravity to that of 
the Body is as 99,7 to 1095,36; as required. 

37. Aſter a hike Manner may this Balance be applied to 
ind the ſpecific Gravities of f luids; which will not be dif- 
cult to thoſe who apprehend what has been already ſaid. In 
fractice, it will be neceſſary to uſe great Precaution in every 
"articular ; the Wire ps ſhould be oil'd, and then wiped as 
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Foot of common Water weighs very exatily 1069 
Ounces Averdupois, or 62 Pounds and an half; 
which may be reduced to Troy Weight, by con- 
fidering, that the Averdupois Pound is to the Try 
Pound as 17 to 14, and the Averdupois Ounce to 
the Troy Ounce as 31 to 56. 

Hence, to find the Quantity of Preſſure again 
the Sluice or Bank that ptns the Water, we hay: 
this Rule: Multiply the Area of the Sluice unde 
Water by the Depth of the Centre of Gravity in | 
Feet, and that Product again by 622; the Produl | 
will be the Number of Pounds required. Exan- 1 
ple: Admit the Length of the Sluice be 20 Feet, Bil | 
the Depth of Water 5 ; then will the Area under 
Water be 100 ſquare Feet; which multiplied by 
22, the Depth of the Centre of Gravity, give 
250 cubic Feet; which again multiplied by 625 
gives 1562516. equal to 7 Tons nearly (LXIV. 


adhering thereto: Alſo the Balance ought to be raiſed ve 
gently, and when come to an Equilibrium ſhould be gent 
agitated, to ſee if it will come fo again. 

(LXIV) That the Area under Water multiplied by de 
Depth of the Centre of Gravity gives the Number of {ii Wi F. 
Feet of Water preſſing againſt the Sluice, is evident fron ne 
Annet. LV. Art. 13, 14; 15, Sc. And this Product is to be 
multiplied by 62 3, ſo many Pounds is the Weigit 
of one ſolid or cubic Foot of Water. See Arnot. Ll 
Art. 7. | I 

2. This Example gives the Numbers which I took fron i r. 
a Pen that was made acroſs a River; and though it may ſen By ,. 
wonderful that all the Water in the River ſhould affect © ; 
Pen with no more Force of Preſſure, yet this will be found 
conſiſtent with the Laws of the Action of Fluids, when ti 
is underſtood which we have deliver'd in Ann. LVI. Fer 
the Water of the River does no otherwiſe influence the Pen. 
than as it ſuſtains a Plane of Aaid Particles to a certain Heigh 

AGAIN! 
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AGAIN: Since the Weight of Bodies is always 
os the ſpecific Gravity in equa! Bulls, it follows, 
that the Numbers in the Table do alſo expreſs 
the Number of Averdupois Ounces contain'd in a 
cubic Foot of each reſpective Sort of Matter 
therein mention d. Therefore, if the Magnitade 


of any Body be multiplied by the ſptcifit Gravity; 


the Product will be its abſolute Weight, Thus, 


ſuppoſe I would know what Weight of Lead will 


cover a Church whoſe Atea is 30000 Feet, and 


the Thickneſs of the Lead rb of a Foot: Then 
per Rule, (30000 X xi, =) 300 X 11325 = 


339750 Ounces, or 974 Tons; the Weight re⸗ 

quired. at” | 
AvoTHtr uſeful Problem is, to find the Ma- 

nitude of any Thing, when the Weight is known ; 


which is done by dividing the Weight by the ſde- 


cific Gravity in the Table, the Quotient is the Mag- 


nitude ſought. For Inſtance, What is the Mag- 


nitude of ſeveral Fragments of Coral whoſe 
Weight is 7 Ounces? Divide 7 by the ſpecific 


Gravity 2690, the Quotient is r of a cubic: 


Foot: then d X 1728 = 4 4 Cubic Inches, very 
neatly the Magnitude required. 


Auso, by knowing the Magnitude aud Weight; 


T we 


o 
= 
. 
* 
: 
: 
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we can find the ſpecific Gravity, by , dividing tht 
Weight by the Magnitude in cubic Feet. Thus ſup. 
poſe a Piece of Marble contain 4 cybic Feet, and 
weighs: 603 I. or 10809, Qunces ;, then 2 — 


2700, the ſpeciſic Gravity required, as per Table, 
Havoc given the ſpecific Gravity of Gold 


to Silver as 19 to 11, and ſuppoſe any Com- 


pound thereof, as King. Hier Crown, whoſe 
ſpecic Gravity is 16 to determine. the Propoi- 
tion. and Weight of the Gold and Silver employ'd 
in making it, ſay, 4, tbe Difference of the ſpecifi 
Gravities of the Compound and the lighter Ingre- 
dient, viz. 5, is to the Difference of the ſpecifi 
Gravities of the beavier Ingredient and the Cum. 
Pound, viz. 2» o is the Bulk of Gold to that if 
Silver made uſe of, That is, if the whole Crown 
were divided in 8 Parts, the Gold would conſiſt 
of g, and the Silver of 3: Then the Magnitudes 
5 and 3, multiplied by the ſpecific Gravities 19 
and 11 ſeverally, will give the Numbers 95 and 
and 33, which expreſs the Proportion of the 
Weight of the Gold to that of the Silver (LXV.) 


(LXV) 1. The Rules here given for ſolving the three firl 
Problems are ropes — in Words which 
you find in Anzzt. LV IL, Art. , 10, 11, But that which con- 
cerns the fourth, relating to King Hiers's Crown, I ſhall here 
demonſtrate as follows. 

2. Let A and B be any two Sorts of Matter, and 4 and þ 
denote their ſpecific Gravities ; the Compound made of thoſe 
eien bs Abe Ba. and let « be che foecihc Gravity 
thereof. Then ſince the abſolute Weight of a Body is equal 
to n Bulk multiplied by its ſpecibc, Grayity (See Aust 
LYH. . 10.) we ſhall have A a Weight of the the Body 


A; und Bb== Weight of the Body B, and A+ A+ Bxc= 


r Dang But As +B&=A +1 TR c= 
INCE 


9 
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Sixot Bodies of different ſpecific Gravities, e- 
quiponderating each other in Ait, upon being 
immerſed into Water, will have the guilibrium 


Ae TBH whence A LAC = ITB confequ 
A: BM T3: a2 — t, which is the Rifle above id down 
whete A is the Quantity | 6f Gold, and B that of Silver, and 
ATB the Compoſition of "Hero's Crown. © © 

3. When King ere (ſuſpecting the Workmen had allay'd 
the Gold with 2 Silver than was nece 9) ſent to Archi- 
m4; to examine into, and detect the Fraud; if there were 
any ; this great Mathematician was long at- « loſs to think 
of any Method of ing it's till one'Day fre into a Tub 
8 full of cold Water to o himſelf, he that as 
. enter d the Tub the Water ran out, and he immediately 
c it moſt follow,” that i the Tub were fall, the Water wh 
ran out dpon his Intmerfion,” mult be equal in Balk to 


4. Hence — x + r began thus to reaſon: If I im- 
—— — eſſel full of Water, it Will 


fame Wei pure Gold, and pure Silver, I ſhall 
Bulks of Water equal to each; confequently me. the Buſks 
of Gold, Silver, and Crown of equal Wei have the 
ſpecific Gravities, which muſt be as the ene inverſely. 
Then I proceed to find the Ratio, or Proportion of Go 
to the dilver in the Crown as follows. 


the Crown, being immerſed into the Water, raiſes the Surface 
thereof to F ; and after that, the Maſs of Silver of the ſame 
Weight immerſed raiſes the Surface to G; then if the Height 
of the - Veſſel above C ur into equal Parts, and 
LDF=11, and DG =19; it is lain the Bulke of the 
Gold and Silver wilt be as DF to G, and the ſpecific 
Grayities as DG to DF, Laſtly, if the Crown be immer- 
fd, it will raiſe the Surface to foe Height between F and 
G, ſuppoſe to H, ſo tha DH = +6. Whence the Propor- 
non of the Bulks of the Gold and Silver in the Crown may 
Aal. de determined. | 

6. For fine the Difference of ſpecific Gravities of the 
01d and Silvet is DG —DF=FG=38; + the Bulk of 
de Crown be divided in 8 equal Parte, it is evident, that as 
nany of thoſe Parts as conſiſt of pure Gold, ſo many of thofe 


Q 2 imme- 


as much as * ual to its Bulk. If after this I immerſe the 
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$. Sappoſe A ML B be a Veſſel fill d with Water to the Pl. XVII. 
Height D C, and that the Maſs of Gold equal in Weight to Fig. 5. 
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immediately deſtroy'd by the greater Reſiſtance 


of the Fluid, and conſequently the greater Loſs 


af Weight in the lighteſt and moſt bulky Body; 


the Veſſel will the Surface of the Fluid 
ſtand below the Point G, becauſe if 


Crown were Gold, the Crown would cauſe the Water to 


. w- © 


E 
F 


IF? 
11 


15 
* 


r 
pid by its Specific Gravity (0 gives the Weight of War 
ET W295 = W + wv = the Weight of both the Bader 


ab © 
Whence we have WIS + wac = Wab + wad; and ſo 
Wh i—Wab 


Whc=- Wab== wab—wac; conſequently —— 


ab — ac 


Wh—Wab . 


— ab 


=wz orife=1, then we have 


| ab—a 

R of a Man's 
or Example ; the ſpecihc Gravity of a 

and Cant be as 10, 9, 24; then 22 

therefore 


9. 
Body, Water, 
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therefore it follows, that in buying Gold, which is 
heavier than Braſs, we ſhould chuſe the /ighteft 
Air, i. e. when the Mercury in the Barometer 


:=9, and b=24 ; let W= 150/44. = Weight of the 


Man's Body ; then will eee 5 3 there- 


fore if ſuch a Man were to take 5 . of Cork with him into 
the Water, he would be of the Lune ſpecific Gravity of the 
Water, and ever ſo little more would make it impoſſible for 
him to ſink ; whence the Art of learning to ſwim might by 
this Problem be y facilitated. 

10. To find the Waight of a Globe of Water one Inch in Dia- 
meter. We ſhall here chuſe Troy Weight, where one cubic 
Foot weighs 76/6; and therefore one cubic Inch weighs 


B's _ pound 76 04 Gn 
12x 12 x 12 of a fer 12x 12 


that b, ED or Le Grains, But in Geometry we 
prove the Cube is to its inſcribed Sphere as 1 to 0,524 ; there- 
fore as 1: 0,524 ;: 7*®'; 133 Grains = the Weight of a 


Globe of Water one Inch Diameter. 

11. To fnd the Diameter of a Globe by weighing it hydrofta- 
tically. Let it rd Av + in Air, and then in Water, 
and the Difference of thoſe Weights will be the Weight of an 
equal Bulk or Globe of Water, which call W ; now the 
Weights of homogeneous Bodies are as their Bulks, which (in 
Spheres) are as the Cubes of their Diameters. But the 
Weight of a Globe of Water 1 Inch in Diameter is 1 32 Grains 
(by A. 10.) Therefore we ſey as OT 13: D3; 
W 3 R 

— Y — = D=Diame- 
———— 

12. To Suey" op, in cubic Inches 92 
Bach. Let W = Difference of its Weight in Water and 
Air = Weight of an equal Bulk of Water. Then as the 
Weight of a cabie Inch of Water Ze we 3 x W= 
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ſtands loweſt; but in buying precious Stones, Pearls, 
&c. which are kgbter than Braſs, the beſt Time to 
do it in is toben the Ar is beavieſt and moſt buoyant, 
viz. when the Quickſilver ſtands higheſt in the 
Barometer: But in ſell;nz Cold or Jewels, the con- 
trary Rules are to be obferved in regard to the 
Gravity of the Air (LV!) 


of two Bulks of Water, equal to thoſe Bodies reſpeRively ; 
and conſequently will expreſs the Ratio of the Maynitudes 
of thoſe Bodies. 

Fn . Scno tte nu. 

14. The Excellency of this Hydroſtatic Method, above 
all others, appears from hence, that it is univerſal, and e- 
qually adapted to all Sorts and Shapes of Bodies, which com- 
mon Geometry. is not. How would it puzzle a Geometrician 
to exhibit the juſt Dimenſions or Bulk of a Fiſh, for Inftance? 
How does the aukward Figure of his Body, the Appendage 
of Fins and Tail elude the Principles of his Art? Whilſt the 
Philoſopher immediately, and  wit!iout any Trouble, gives 


the Anſwer by his Hydreftatic Balance. Again, were a Geo- 


meter af d. which is biggeſt, a- Guinea ar a ans + and 
what che Difference? He would find it vain to conſult his 
Art, and muſt borrow his Aid and Anfwer from this moſt 


uſeful Science, which, excels equatly in Accuracy as Uni- 


verſality. 


(LXVI) . Since a; cubic. Inch of Gold weiglu 10,1 
Ounces-Trey,. and a cubic Inch of Air 3 of a Grain, when the 
Air is of a mean Gravity; if we fay, As 10, 36 : 5 :: 12: 
- > = the Parts of a Grain which 12 Ounces or a Pound 
of Gold will loſe when the Air is in a mean State. Now 
ſince the Air, when it ſupports a Column of Mercury 28 
Inches high, is lighter by 1 Part than when it ſuſtains a Co- 

: 24 Le 1+ 
lama of 30 Inches Height; therefore 7552 + 26 180 
= the Parts of 2 Grain which ſo much Air weighs when hea- 
vieſt, as is equal in Bulk to a Pound of Gold; and twice the 


Quantity; i i = the Weight of Air equal in 
gw Ig 445,4 41. I . py. # Mn . 
89 — Oxcs 


* 
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Ove more: Since the Goodneſs of Mineral 


Waters, Drugs, Metals, precious Stones, &c. is 
beſt ſhewn by their ſpecific Gravity, it will at once 
appear of what vaſt Importance the Hydroſtatic 
Balance is, and how abſolutely neceſſary in the 


Hands of every judicious Dealer in any ſuch kind 


of Commodities (LXVII.) (LXVIII.) 


Bulk to two Pounds of Gold, But this is a little leſs than one 


Grain ; let us ſuppoſe it one Grain. 

2. Then two Pounds of Gold will loſe of its Weight one 
Grain ; and fince Gold is twice as heavy as Braſs that it is 
weigh'd againſt, the Braſs Weights will have twice the Bulk, 
and will there loſe two Grains of its abſolute Weight. If an 
Equilibrium be now made, when the Air is lighteſt, or leſs 
by one Tenth of its former Weight, the Gold will loſe one 


Tenth of a Grain, and the Braſs will loſe two Tenths of a 


Grain; conſequently the Buyer will get one Tenth ef a Grain 
of Gold in this laſt State of the Air, more than he would 
have had in the former, or heavieſt State; becauſe ngw one 


Tenth of a Grain more muſt be added to the Braſs to make 


an Equilibrium. And this in Value is the fifth Part of a Pen- 
ny, reckoning Gold at Two-pence per Grain; or one Part in 
115200, 

3. Since the ſpecific Gravity of Diamond is to that of the 
Braſs Weights as 1 to 3, if we make an Equilibrium between 
the two Pounds of Braſs and Diamond, when the Braſs loſes 
two Tenths of a Grain, the Diamond will loſe fix Tenths of 
a Grain; conſequently four Tenths of a Grain muſt be ſub- 
dutted from the Braſs for an Equilibrium in the lighteſt State 
of the Air, and ſo much the Buyer will loſe of Diamond more 
than when the Air is heavieſt of all; which is about one Part 
in 28800 of the Whole. Whence it appears, that a Regard 
to the State of the Air is a Matter of more Curioſity than Im- 
N the Advantage being ſo very inconſiderable in either 

e. 


(LXVIT) 1. How great the Uſefulneſs and Importance of 
Hydroſtatic Knowledge is to Phyficians, Chomifts, Apathecaries, 
Jewellers , Goldſmiths, &c. will appear by reading Mr. Boyle's 
excellent Medicina Hydroftatica ; in which Book the kulful Au- 
thor propoſes the following Uſes to be made of Hydroſtatic 


Knowledge, wiz. 
Q 4 2. Firſt, 
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2. Firf, To explore the Nature and Difference of Foil. 
finding their ſpecific Gravities. For ſince the moſt pure and 
Kind of Stones are in Gravity to Water as about 

21 to 1; and Tin, the lighteſt of Metals, is to Water in Gra, 
vity as about 7 to 1; if a ſtony Subſtance be found to have a 
„ e than that of 21 to 1, it muſt 

probable that it hay in it ſome adventitious Matter of a 
metalline Nature, or is at leaſt commix'd with ſome mineral 
Body more h-avy than pure Stone, and may therefore very 

robably be uſcfully applied to ſome medicinal Purpoſes. For 
— of this Kind be mentions the Lai Hematite: or 
Blood-ſtone, Lapis Laxu/i, the Loadſtone, and Lapis Calami- 
#aris; all which have their Uſes in Phyſic. 

3. Secondly, He 1 this Method as very certain to de- 
termine whether a Body, ſuppoſed to be a Stone of the mi- 
neral Kind, be ſo indeed. Thus Coral, which, ſays he, ſome 
take to be a Plaut, and others a Lithod:ndron, but moſt reckon 
1 Stones, is in Gravity to Water as 2, 68 to 
1, which favours the laſt Opinion. us a Calculus bumanu 
and a Buzzer were found as 1,7 and 1,5 to 1, and therefore 
too light to be of the ſame Species with oom mon Stone. 

4. A Third Uſe which he propoſes is to diſcover the Re- 
ſemblance or Difference between Bodies of the ſame Deno- 


mination, and thereby to collect and aſcertain their ſeveral 


Degrees of Goodneſs reſpectively. Whence he argues the 
Neeefity of this Sort of Knowledge to Phyſicians, Chem 
Apothecaries, Druggiſts; to the G ith, the Merchant, 
the Miner, Ce. . 

5. A Forth Uſe is to diſcern genuine Stones from counter- 
feit ones, which may be of great Help to Jewellers. Here 
he gives Inſtances of faftitious Coral and faclitious Gems, and 
a Pezoar, which he found out that Way not to be genuine, 
though a great Price was ſet on the latter. 

6. Hence Mercury is found to have a Cifferent Gravity, be- 
ing ſometimes but 132, and ſometimes above 14 times hea- 
vier than Water; and hence a notable Difference may ariſe 
in two Weather-glaſſes at the ſame Time, and in the ſame 
Place, even to a whole Inch, from the different Gravity of 
the Mercury in one and the other. Therefore thoſe who 
publiſh Regiſters of the Weather ought to find out and declare 
to the World the ſpecific Gravity of the Quickſilver they uſe 

their Barometers, f | t 

7. Theſe Uſes he enumerates over and above what we have 
taken notice of, of a Mechanical and Geometrical Nature: 
And to let us know the high Value he had for this Science, 
de mus expreſſes himſelf: '* As little Skill as I have in H- 
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« droftatics, I would not be debarr'd from the Uſe of them 
* for a conſiderable Sum of Money, it having already done 
« me * Service, and on far more Occaſions than I 
« myſelf firſt expected, eſpecially in the Examen of Metals 


« and mineral Bodies, and of ſeveral mineral Productions. 


e 

(LXVIII) 1. To render this on Hydroftatics mare 
compleat, I ſhall here ſubjoin what relates to the Reſiſtance 
of Mediums, or to the Motion of Bodies moving in a reſiſt- 
ing Medium: And to determine rightly in this Caſe, I ſhall 
conſider every particular Circumſtance by itſelf, ceteris pari- 
bus, and then repreſent the Whole connected together. We 
ſhall ſuppoſe the Caſe of 4 Globe moving in a Fluid of an uni- 
irm Denſity for a given Time. 

4 2. Fo. 22 move with the ſame Veloci · 
ty, firſt in a denſer Fluid, and afterwards in a rarer; then it 
s plain, the denſer the Fluid is, the more Particles the Globe 
will meet with, and ſtrike in a given Time ; and therefore 
the greater will be the Re- action or Reſiſtance of the Fluid: 
Therefore in this Caſe the Refiſtance of the two Fluids will be 
& their Denſities. 

3. In the next Place, ſuppoſe two different Globes, of the 
lame Quantity of Matter, to move in the ſame Fluid, with the 
ſame Velocity. As theſe Globes move, tis evident the Num- 
ber of Particles they meet and ſtrike, and therefore by which 
they are reſiſted, will be as their Surfaces, or rather as their 
Half-Surfaces ; and they are as the Squares of their Diame- 
ters: Conſequently, the Refflance which th. ſe Globes meet with 
will be as the Squarcs of their Diameters. 

4. Lay, Let the ſame Globe move in the ſame Fluid 
vith different Velocities. Now it is eaſy to conceive, that if 
one Globe moves with a Velocity double to that of the other, 


it will ſtrike twice the Number of Particles in the fame Time, 


and its Reſiſtance will be twice as great on that account. 
Again: The Globe which moves with a double Velocity will 
e each Particle with a Force twice as great as the other 
does with half the Velocity ; the Re · action therefore of the 
Panicles on the former will be twice as t as upon the lat- 
ter. Therefore the Reliance to the Globe moving with the 
couble Velocity will be four times as great: And fince this 
will be the univerſally, che Refftance to a moving Body is 
« the Square of its Velocity. | 
& ow putting all theſe Caſes er, the Reſiſtance to 
2 Globe moving uniformly in an uniform Fluid will be in the 
compound Ratios of the Denſity of the Medium, the Square 
of the Diameter, and the Square of the Velocity. % that 
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if A and B are two Globes, whoſe Diameters are D and / 
and Velocities V and v, — — whoſe Denſities 
are N and ; then will the R ce of the Globe A be to 
that of Bas Nx DI x V* ton x & x v7. 

6. In this Computation we have conſider'd only that Re. 
ſiſtance which ariſes from the Re- action of Matter by its Ji, 
Inertie : But there is fome ſmall Reſiſtance ariſing to Bodies 

ing in a Fluid from two other Cauſes, wiz. one from the 
Friction of the Body againſt the Parts of the Fluid as it moves, 
the other from the Tenacity of the Particles of the Fluid, 
which ariſes from their Attraction of Coheſion. But both 
theſe are very ſmall when-compared with the other, and quite 
inconfiderable to Bodies moving with any conſiderable Swift. 
neſs. The Reſiſtance peculiar to Air, arifing from its Elaſt- 
city, will be confider*d in another Place. 

7. In the above Caſes we have ſuppoſed the Bodies moving 
in the Fluid to be homogeneal, or of the ſame Matter and 
Denſity ; but if they are heterogeneal, or of different Den. 
fities, then will the Reſiſtance be further variable; for it wil 
be inverſely as the Denſities, or Quantities of Matter which 
the Bodies contain; becauſe the greater the Quantity of Mat. 


ter, the greater will be the Momentum of the moving Boch, 


and the leſs the Reſiſtance of the Medium compared there- 
with, and ſo will be the more eaſily overcome by it. Hence, 
if the two Globes mention'd in Art. 3. have not equal 
Quantities of Matter, (as-is there ſuppoſed) the Reſiſtance 
will be as their Surfaces directly, and inverſely as the Quan- 


tities of Matter; that is, as.D> x = to 4 N. "or 2 


5 w _ or as d to D. That is, the Refi/tance to Glebe of 


unequal Diamecters and Duantitics of Matter will be (czteris pa 
Tibus) inverſely as their Viamcters. 

8. Since a Body moving in a reſiſting Medium muſt every 
Moment have its Momentum or Quantity of Motion-(Q=M\) 
abated or diminiſh'd by the Re · action of the Fluid; and ſince 
in a given Time this Loſs or Decrement of Motion is alwa} 
as the Re-aQtion, that is, as the Reſiſtance (R] of the Fluid: 
But the momentary Increaſe or Decreaſe of Motion 15 85 13 
Fluxion Cor VM. Wherefore the Reſiſtance of the Flu 
for any equal Parts of Time will be R=Q = VM; 7, 
when the Maſs of Matter M is given, we have R=Q="\- 

9. But when the Moments of Time are not given, that 
not equal, the Reſiſtance R will be as the Decrement of lo- 

| 8 | ' tion 
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tion Q direly, and the Moment or Fluxion of the Time 9 
nverſely ; for twice the Reſiſtance will deſtroy the ſame, Quan- 
ity of the Motion in half the Time, and three times the Re- 
ſance will N it in one Third of the Time. Therefore 


1 =) > conſequently, when the Maſs M is 


given, we ae R=Y. 36 that is, the Reſillance is directly 
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is the Fluxion or momentaneous Decrement of the Velocity, 


aud inverſely as the Fluxion of the Time. 
19. We have before ſhewn, (Amat. XXI. Art. 5.) chat 


in uniform Motions the Velocity is as the Space direfth, and the 


Time inverſely, or V 


Motion, whether in Vacus or in any Sort of reſiſting Medium, 
the momentaneous Velocity may be conſider'd as equable or 


uniform, or proportional to the We deſcribed each Moment 


4 3 ag therefore V = == and ſo VT S, and 


1 and, raking the Fluents, we ſhall have the Sum of 
R Space deſeribed, * 
kn of all the Quotients > T= the Time. 


11. Therefore if the — BP C be ſo deſcribed that its Pl. XVII. 
expound Fig. 6. 


Ordinates M P, mp, (perpendicular to the Axis AD) 
te Velocity V, and the Ait (from. the fix'd Point A) 


AM, Am, the Time T; r being erect - 
din the Point A, and Curve in B; the Area 


aBP M wall expreſs the Space 8 deſcribed. in the Time T. 


Let mp be infinitely near to MP, then will Ma = T. 
erefore the: Flaxion of the Area ABPM will be the Are- 


de MP N VT S8. 
2. In like manner, if the Abſciſs A M ebe 
tlcribed = 8, o 


alely, that is, if MP be as . the Area A BPM will 
oun een 


nx of the Time being P S =SxF=Mnx 


= 77 3 and becauſe in every Kind of 


g 
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M, the Sum of all theſe Fluxionary Areolas MP pm wil 
be the Area A BP M exprefiing the Time. 


13, Becauſe when the Maſs of Matter in the moving Body 
. V — . 
is given, nnn eee. therefore RTV, 


or the r 
the Planer of Time conjointly But the Fluxionary Increment 
of the Space will be as the Velocity and its Fluxionary Decrenen 


nh, and the Reece eh thats, 8 = =}, 


Set 2; d S VI (. 10.) ; therefore $= 


R 
* VxV 
2 
vr . 
"20 xV 


and its Flaxienry Decrement dire@l, and the Flaxicn of th 
— A 2 . that is, the Veliig 
its F. Decrement is — the Refiſtance and 
* Space corjointly. Becauſe the Ve- 
lacks ha: hoon hicherto contider'd In d as decreaſing, it ought u 
have the Fluxion V expreſs'd negatively in the above Equ- 
tions; that is, RT =—V, and RSS -V V. 


15. We have alſo hitherto conſider d. the Reſiſtance N 
all chat retards the Motion of the in the 


16. Thus in the Motion of an eſceading Body, where 
R=C+R, we have RT = CT+RT=—  V; = 


CS+RS=—VxV. But in the Deſcent of the Bod), 
where the centripetal Force C is greater than that of the Re. 
fiflance, we have C — R; and then the above Theoren® 


vill eCT—RT=V, and CS— RS = x V; {Fn 
1 


now the Velocity is increaſing, and its Fluxion 


A tw = 


„„ = Þ © © 


a =» ot. = 
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if the central Force be leſs than the Reſiſtance, we have 
-c, then it will be RT—CT=—V, and RS 
eine ſuppoſe R they will 
in theſe we =0 
he a into others, by which the Motions of Bodies in 
non-refiſting Mediums may be determined. Thus for the 
Aent they will be CT = — V. and C$=—V x V; 
and for the Deſcent C T = V, andCS=VxV. And 
thus the Motion of a Body in a refiſting Medium may be com- 
pared with the Motions of the ſame Body in a non · reſiſting 


Medium, or in Vans. 
18. If the Reſiſtance be equal to the central Force, that is, 


if RRC, then in deſtending Bodies we have CT— RT = 
V=0; conſequently, as the Fluxion of the Velocity is equal 
to Nothing, the Velocity can neither increaſe nor decreaſe, 
but is in end nbſp agg 


19. Since, till this happens, the Velocity is continually in- 
crealing, (becauſe its Fluxion V is always as C R for any 
9 Ing, or V = 0, the V 


of th deſcendin SO = or the ye 
ent 


ble: But this Ve 
ey eaten apponh r attain; as 
leen in the Sequel hereof. 
20. In order to eſtimate the Velocity, the Time, and the 
— — ling in a uniform Fluid, ſuch as 
aters, whoſe Parts have no conſiderable Tenacity, and where 
the Retardation of the Body is the Eid only of the Reſiſt- 
ance it meets with from the Vis Inertiæ or Re · action of the 
Fluid ; it will be neceſlary firſt to obſerve, that when any Body 
moves in a Fluid with a given Velocity, the Re- action of the 
Fluid upon the Body is the very ſame as its Action upon it 
would be, were the Body to be at Reſt in the Fluid moving 
againſt it with the ſame elocity : Becauſe the Magnitude of 
the Stroke is always as the relative Velocity, which is here the 
lame in both Caſes. - (See Hance. XXIII. 8.) 
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21, Alſo that a circular Plane, a Cylinder, a Globe, a Pl. XIX. 
Spheroid, a Cone, Qc. whoſe Breadrh is the fame, and a- Fig. 6. 


gainſt which the Fluid moves in a Direction, 
upon by the Fluid ; or, if they move in 
y reſiſied by it For let PQ be the Dia- 
meter of any of thoſe Bodies placed in a Canal E FTS, 
through which the Water flows from the large Veſſel ABCD, 
into another below fill'd with ſtagnant Water, touching the 
a of the former CD, Then fince the Capacity of the 
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- Canals alice ſtraiten'd;or diminiſh'd by each of thoſe Bodies, 
ic r ſuffer the fame Re. 
" tardation from all of them, and therefore muſt act alike 2 2 
each; Fe were the F luid at Reft, and theſe 
* they would All be equally retarded, 

5 Abe Karcher obſe ed, that all Reſiſtance ariſing 

>From 11 e y of the 8 5 Uf Bodies, is not here con- 
der d; alſt it is ſuppoſed, thet the Fluid is contimons ink. 

nitely ompreſs d, and whoſe Parts baue no Elafticity, Tem- 
city, gor Friction : and then the ö away c>7 <vy 
ſame. withruery: dem Fart 2d to e d 6 

23. Now Sir ſſaac Newton has ſhown," tharcif ako Malt 
"Find is the Ma or wide; the Velocity of the 


Elk in the 2 5 — Elli ＋7— wil 
uai to W c a acquires in rou 
ee \ beczule it oy Bog ſo, * the Pan 70 0 


8 the Motion of the 1 

= Canal being u and not ed by r eaſon of 
ſtagnant Water e 1 6 

24. He farcher fhews, that if-this Pia wee lace 
Oriſice EF at the/Battom of the-Veliel, as at 5g, it would 
ſuſtain a Portion of che Flaid, — AEP b, 
like to that re preſented by pH ; wehichis leſs than two Tur. 
of a Cylinder of — q, and Altitude G H, but 
greater than one third Part thereof: Aud that therefore it i 
nearly an Arithmetical Mean 3 yon nm yer 
of the (aid Cylinder. 1 


25. This is upon — pg exceeding 
ſmall ; but if it be — ee 
Hole EF, i will aben talkin the- Weight of — 


lar Columa of: Water over it, that is, it will ſuſtain the Wei 

of a Cylinder af Water of the fame Baſe and A kitude G 

And that therefore in all other Cafes the Weight which the 
Plane p 4 ſuſtains ia to the Weight;of a Cylinder of Water, 
whoſe baſe. b egualcothe Plane ini Altitude 5 GH; a BY 


to EFT —< p97. : 

26. The Rebarce (R) therefore. 10 the Plane 5 a8 
in bee EE; nnd confeuenty of the Pan e 
188 Dimenſions of the Canal 
Plane coth pared with the Weight (W) of 2 Column of Watet 
whoſe Baſe: equal to the Plane, and Altitude 4 G H, as the 
Area of the Hanſverſe Seftion bf the Canal to the Exceſs oſ 
en ibove 4 — , chat in, R. n 

ATL. 
a 77. Let now dhe Orifices abe. Canal BP 100 6 be 
dated up, and dee Plane Þ.Q aſcend in the Fluid compreb' 


— 
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on every Side; and in its Aſcent let it oblige the ſuperior Fluid 
to deſcend by the annular Space between it and the Canal z 
then will the Velocity (V) of the aſcending Plane be to the 
Velocity (v) of the deſcending Water, as EP* — PQ* to 
PQ; that is, V: v EET— P: PQ? ; whence V: 
V Lv ; EF“ -P: EFT. ot 

28: But fince the Motion of the Water is contrary to that 
of the Plane,” the relative Velocity, with which they act on 
ach other, is the Sum of both, vis. as V + v. (See A- 
xt. XXIII.) Now let this relative Velocity be equal to that 
with which the Water before deſcended in the annular Space 
by the Plane PQ at Reſt, (as in At. 23.) vis. that Which is 
acquired by Ry = GH. Then will che Action of 
the Water upon the Plane be the ſame as before at Reft, and 
conſequently we have here alſo R: W:: EF* : EF* — 
P and Vi (V+ v =) v*%: EF? — PQ*®:'EF*: 

29. If now we ſuppoſe the Canal to be augmented in 
Width ad #nfinitum, PQ will then be infinitely ſmall in reſpect 
of EF; whelle PO. and PO will vaniſh in the Terms 
of the above Ratios, which will then become equal; and ſo 
R=W, and V v. That is, the Refiftance of the Plane 
vill now become equal to the Weight of a Cylinder of Water, 
whoſe Baſe it equal to that of the Flas, and Altitude GH. 
Alſo, the Velocity of the Plane ir equal to that wwhich ſuch a Cy- 
lader would arquire by falling throagh the Height G H. 

30. Let A Area of the Plane PQ, then will 3 GH x 
A=the Cylinder of Water, whoſe Weight W 'is equal to 
the Refiſtance'R of the Plane. But the Cylinder 4 GH x A, 
noving with the fame Velocity V of the Plane, will have the 
{me Refittance. The Space through which it muſt deſcend 
t acquire that Velocity is twice its Length, viz. GH ; and 
wth that Velocity, by an uniform Motion, it would paſs over 


2 Space equal to 2 GH = 4 times its Length GH. Where- 


fire the Refiftance of the Cylinder is qual to the Force *rs 
75 W) by which (in falling freely) a Marion cqual to t 

of t 
in the Tine in «which the ſaid Cylimagr <cill deſcribe 4 Space equal 
n four times its Length. FUSMH , 1 * 

31. Then, becauſe the Motion M of the Cylinder is as its 
Length L, its Baſe A, its Denſity D, and Square of Its Ve- 
beity V, that is, M: L x AN DN VI therefore When das 
n this Caſe) the Quantities A, D, V are' given, we hays M: 
L; and fince the Time T (in which the Motion M is gene- 
nted, or 4 L is deſcribed) is alſo as L, therefore both M and 
T will vary wich L equally, and conſequetuly will be propor- 


tonal to each other. But the Force which generates Quanti.” 


ties 


linder m generated, (in acquiring the Velocity v) 
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| ional to the Time is in itſelf conſlan 
and immutable, and is therefore equal to the Reſiſtance of the 
Cylinder, which alſo remains unchanged under all Degrees of 


2. If the Denſity D of the Cylinder be variable, fo wil 
the Quantity, of Motion M be likewiſe, and alſo the Force , 
by which an equal Quantity of Motion in the ſame Time may 
be geverated or deſiroyed. Therefore, let « = Deni d 


: the 
Motion of the Cylinder of Lead in the ſame Time: The 
d:D::w:W. But we have ſhewn w = R, the Reſiſance 
of each Cylinder: Conſequently, R: W: 4: D; that i, 
The Refiftance of a Cylinder of Lead is to the Force which wil 


1 it deferibes 11 | 
as the Denſity of Wat 9 75 A een 


er te the Denſity e 
33. Hence, fince the Reſiſtance of a Globe and Cylinder 


ſtroy the whole Motion of the Cylinder while it moves over 
4 times its Length, will 
tion of the Globe while it moves uniformly through + of 4 


it meets with from the Fluid, while i 
moves uniformly through, is known alſo. Thus let its Vele- 
8388 
a falli e 8 cet acquire 
that Velocity, (ſee Zame. hy IG H = 4, and 
i GH= a Feet, the Length of a Column of Water, whoſe 
. Inches in Diameter will weigh about 6 6. and 
equal to the Reſiſtance of the Globe. | 
35. Hence alſo it is eaſy to find the Height from which i 
2 falls ix Y acuo, it ſhall acquire the . 
the greateſſ it can poſſibly acquire by deſcending in 
Fluid by the Force of its relative V . e Herve 
be Parts of its Diameter, as the of the Globe ta tit 
9 luid. 
36. For, let R z= Reſiſtance, D = Denſity of the Globe, 
S that of the Fluid, and F = Force which will genente 
the Motion of the Globe in the Time it moves over 10, 


where D = the Diameter of the Globe ; then we ue. 
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F :: 4: D (in Are. 35) whence F = 2. Now lee 2 8 = 
Space which the Globe deſcribes uniformly in the Time of 
the Fall, and with the Velocity aequired thereby. T 

will 28: 3 D:: D: 4 (per Art. 32) :: 8: 4 D. But T and 
t, the Times in which uniform Spaces are deſcribed, are as 
thoſe Spaces, wiz. T: 1 1: 28:3D; whence T: 7: D: 4. 
Again, ſince in the Times T and 7 equal ities of Motion 
are produced, wiz. the whole Motion of the Globe ; for F 
produces that Motion in the Time 7, and in the Time T it 
s produced by the Force or Relative Weight of the Globe, 
which call P. Then, ſince the greater the Time is, the leſs 
will be the Force 2 produce a given Effect. 
I er hence F: P:: D: 4 and ſo F 
equal to the Weight of the Body, it can be no longer accele- 


5 


7. As Sir Iſaac Newton was the Author of this Theory, 
ſo he inſtituted à Series of Experiments to confirm the ſame; 
for which Reaſon; as well as to exemplify the foregoing Me- 
tod of Computation, I ſhall here repeat ſome of the princi- 

„made with Globes of Wax and Lead included, let fall in 

ater thro' che Depth of 112 Inches. His firſt Experiment 
was with a Globe £4; Parts of an Inch Diameter = D, whoſe 
Weight in Vacuo was 156 44 Grains, and in Water 77 Grains, 
therefore 156 44 — 77 = 79 4} Grains = the Weight of 
an equal Bulk of Water. Wherefore : D:: 7934 : 156 34: 
iD (= 2;24597 Inches): 2S = 4,4256 Inches; and fo 
S= 2;2128 Inches. | 

38. The Globe falling in Vacs, with its whole Weight of 
156 31 Grains, will in one Second of Time deſcribe 1933 

| And by its relative Weight of 79 34 Grains in Wa- 
ter, it would in the ſame Time 9 falling in Yacuo deſcribe 
95,219 Inches. For the deſcribed in the ſame Time 
will be as the accelerating Forces or Weights of the Bodies. 
(Soe Aunst. XXVII. 2, 3.) 

39. But the Time T, in which the Globe by dEſcending ia 
Vacus with its relative Weight of 79 44 Grains, will deſcribe 
the Space 8 2,2128, is to the Time . 1 Second, in which 
it deſcribed the Space 95;219, in the ſubduplicate. Ratio of 
thoſe Spaces ; that is, T: 7 :: 22128: V 95,219, where- 


72,2128 5 : "Patt 
ſore T = v = n . 


Globe by defending in Facuo acquires be greateſt Velocity 


—ͤ— ͤ “lu. — 
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V with which it can deſcend in the Water. | 7 

40. In the next Place, to find the Velocity and the Space 
deſcribed in the Fluid in the whole Time of the Fall (F) Sir 
Jſaac has this Method; let the Number N- be found for the 


Logarithm 0,4342944819 57+ 3 then is the Velocity of the 
Globe at the End of the Fall = Fm x V. Again let L 


bethe Logarithmof the Number A ; then will the Space 


deſcribed be 27 — 138629 84 4.60517 LS. Theſe Ve. 


locities and Spaces'deſcribed are calculated and diſpoſed into: 
Table by our Author for any Number of Seconds to 19T. 
The Demonſtration of the above Rules is too long and intr- 
cate for this Place, but may be ſeen in he CHEN 
the Principia by Le Seur and Facquier. This Table will be 
inſerted at the End of this Note. 2 2 2 

41. By this Table you ſee how ſoon Bodies acquire ther 
greateſt Velocity in deſcending in Water; for Inſtance, in 
5T = 0,76 =-46", the Globe has acquired a Vole 


which is to the greateſt as 20 to 100000000. , F 
mioT= 1: 50% the Velocity of the Globe is to the * 
greateſt Velocity as 99999999 f to 100000090, 1 Which 

| ce is inſenſible to the moſt critical Eye; and from " 
thence (having fallen through 37 Inches) it deſcends with as Wh 
uniform Velocity to Appearance, tho? it really for ever i. 8 


creaſes. . 1 
42. If the Time of Deſcent in the Water be leſs than 10 J, ** 


the Diſtance deſcended is ſhewn by the third Column; but if 
it be greater, as in the preſent Experiment it is 4”, then ay, Fram 
wT: 28:4: =116,1245 Inches, becauſe Space 4 
deſcribed with an uniform Velocity are as the Times. Th of f 
uniform Space muſt be diminiſh'd by ſubſtracting the confant I and! 
Number 1, 38629 8. Therefore 116,245 — 1, 38620 S St. 5 
113,0569 Inches, which the Globe ſhould deſcribe in the N and 

ter in 4 by the Theory. rr 
43. But in the Experiment it deſcribed only 112 Inche, I dh. 
which Difference of 1 Inch in 112 is inconſiderable, and wo . . 
have given no Diſturbance to any but Sir aac Newton. But =P 
he being as nice in Practice as ſkilful in Theory, attempted weigh 
another Set of Experiments in a deeper Veſſel, wiz. of 15, neter 
Feet or 183,6 Inches. I ſhall here give the Reader a Vie, i6o, 

of the Event of his ſeveral Experiments in both Veſlely in tie a 

following Table: In 


nr 5 = =o © T*-» 


=; 27 


, 
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* 


* n 


"Times of their Deſcent in | by the 
— | Experiments.” T heo- 
* N oy ” 5. 


= 46.1 47 | 


| Þ, rr - +24 H Th 


* b 40 
the Veſſel 183 Inches deep. 

172 4 9 e 1 al - 72 1 | 

[4 [4941 % ] po 

ee 2951.38 |... [9 

4 5»; is | 155, 16] 17 | 18 [is 
4. | 293] 30 [308] 47 | fs 

455.58 51 | 52 $3 

+4-4 | 12 | 123) 12 | 13 117 
1 177 18184 19 155 

44z, 45 | 46 463 

3 | 63 | 64 | 65 | 1645 


4. In all the Experiments of the deep Veſſel, the Times 
are expreſs'd in Half Seconds. that is, in all but the two 
fcſt.... And the ſmall Differences from the Theory, Sir Jac 
rery eaſily accounts for from the oſcillatory Motion with 
which thoſe which deſcended molt ſlowly were found to 
move, as in the 5th, 8th, and gth Experiments. But in 
thoſe which deſcended more ſwiftly, the Limes very nearly 
correſpond with the Theory. Theſe Experiments were made 
in Water ; others were made in Air, to ſhew that the Pha- 
wamena agree with the Theory in an elaſtic and rare Me- 
dium, as well as in a non-elaſtic and denſe one, 

45. In order to this the Denſity of Air to that of Rain 
Water is aſſumed as 1 to 860; and 5 Globes form'd 
of Hog's Bladders, blown in a wooden Mould, while green, 
and taken out when dry, were let fall from the Dome of 
dt. Paul's to the Pavement, from the Height of 272 Feet, 
and the Time meaſured by Half-Second Pendulums ; the E- 
vent of all the five Globes is ſhewn in the following Table, 
I ſhall here ſubjoin a Calculation for one of them, wiz. the 
zd, as follows. b 

45. The Dan of this Globe was D and it 
weigh'd 137,5 in Air. A Globe of Air of the ſame Dia- 
meter weighs 23 Grains, very nearly; therefore 157,5--23=2 
160% Grains, the Weight of the Globe iz Yacue, Where 

| on x aaa fore, 
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fore, as 23: 160,5:: JD; 282 98,626, Again, as 160, f: 
137,5:: 1934: 165,628 = Inches the Bladder would 
in the Air in one Second. But-with the ſame relative 


| Weight 1374, it will ix Vacus deſcend thro the Space S= 


49,313 in the Time o/, 5456 = T, and acquire the greateſt 


| Velocity with which it can deſcend in Arr. The Time of the 


Fall was 183", in which with wat Vetocity | the Globe 


| would deſcribe 278 Feet 8 Inches by an uniform Mo- 
tion; for o 5456: 98,626 Inches + 18 : 278} Feet. Laſt. 
ly. ſubduct 1,3863 $= 53 Feet, and there remains 273 


Feet, tho* in the Table, by a more accurate Calculation, it is 
but 272 Feet: 7 Inches, and by the Experiment it was 27: 


Feet. | 3 
Table ſhews, in the firſt Column, the 


47. The following 
Weight of each Globe or Bladder ; the ſecond its Diameter; 


the third the Time in which they ſeverally deſcended thro' 
the Height of 272 Feet; the fourth ſhews the Spaces they 


ſhould have deſcended thro" by the Theory; and the lat 
Column ſhews the Difference between the Theory and Ex 


periments. 
be Weipht| Diameter | Times of | Spaces per 
[eee in Inches, | the Fall. Theory. vn. 
cet. loch. Feet. Inch 
128 [5,28 197 7 — 11 o— If 
156 % | 17 6½ — off o—} 
13741 [5.3 W 
972 5,26 22 23 2 "I OS nt, 
99 5 21 [292 — ol 10 — 


. According to this „ having found the Ref 
Eo A in any te- 
fiſting Medium, agreeing to its greateſt Velocity, it is cal 
then to find its Reſiſtagee for any leſſer Velocity propoſed; 
becauſe the Reſiſtance for any given Velocities, will be u 
the Squares of thoſe Velocities. 

49. The Globe has been hitherto 2 to begin it 
Motion in the reſiſting Medium from a State of Reſt; but 
we may ſuppoſe it alſo projected into ſuch a Medium, or to 
enter it with a certain Degree of Motion or Velocity ; 


in this Caſe we may determine the Velocity, the Reſiſtance, 
and the Space deſcribed in the Medium, from any given 
Time; by knowing the Denſity of the Globe and Medium, 


ii oe w--- 
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of its Motion the Globe ſhall have loſt in that Time: 
50. But in order to this, we muſt take to our Aſſiſtance 


the Hyperbola. Therefore let A B= Time in which the pl. XV 
Globe would loſe its whole Motion by the Reſiſtance it pi 2 


meets with (upon entring the Fluid,) if uniformly contin 
In the Points A and B erect the Perpendiculars A D 
BC; and let BC repreſent the Motion or Velocity, and al- 
ſo the Reſiſtance of the Globe at its Entrance into the Fluid; 
thio* the Point C, let the Hyperbola be deſcribed to the 
Aſymptotes A D and AB continued to any Point E; in E 
erect the Perpendicular E F meeting the Hyperbola in F; 
2 Parallelogram CBE G; and draw AF cutting 

e 

51. Then if the Globe in any Time BE deſcribes in Va- 
cus the Space repreſented by the Parallelogram BCG E by 
its firſt Velocity BC uniformly continued, it will in a re- 
ſiſting Medium deſcribe the hyperbolic Space or Area BCFE; 
and its Motion or Velocity at the End of the Time BE will 
be repreſented by the Ordinate E F, and the Part loſt by 
FG. Laſtly, its Reſiſtance at the End of that Time will 
be BH, and the Part loſt HC. Y | 

52. Far BCI: EF“ :; BC gc = the. Reſiflance at 
the End of the Time BE, as BC is that at the Beginning. 
And from the Nature of the Hyperbola, BC: EF :; AE: 
AB; and by fimilar Triangles AE: AB:: EF: BH; 


fre n =B2 the Reſiſtance at the End of the 


BC * 
Time B E. g 
53. Hence if the Globe in any Time T loſes its whole 
Motion M by the Reſiſtance R uniformly continued; the 
ſame Globe ſhall in a reſiſting Medium, by the Reſiſtance R 
decreaſing in the duplicate Ratio of the Velocity, in the Time 
loſe the Part -f of its whole Motion lu, and then 


MA = I vil be the Part of the Motion re- 


TT T + | 
maining. TE. let Th the reſidual Motion, then T: :: 
AB: BE {by Art, 50, 51.); and hence T +7: T: AE: 
AB; and moreover M: m :: CB: FE AE: AB; 
2 TM 
whence T + 7: TM M: ; conſequently m = == 

5 


54. Laſtly, the Space (8) deſcribed in the reſiſting 
in the Time t will be to de Space (2) deſcribed by the uni- 
23 form 
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2, 302585 to 
2 , and L = Logarithm. Then (per Conics) the Area 
BCEF == abx L 


we have 282 L 
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form Motion M, as the Logarithm of the Number - 


fe 


I Forlet A B, BC=b, B andAE= 


42 ＋ 1 


„and the Rectangle BC GE I, 


a + x 


whence 1: 28 : ab x L - :&x; and dividing by 4 l, 


a 
* 


x 5 TT: 
7 mann 


Fapreſion L E, as it here ſtands, is an hyperbolical 


Logarithm, which is to the common tabular rithm a 
2.302565 to 1. Conſequently the tabalar I. 1 : 
2,302585 = 


Logarithm ſought, — - 
58. The Spaces, Times, and Velocities of Bodies moving 


either by their Vit inſta alone, or conjointly with an accelerz- 
ting Force, as Gravity; in reſiſting Mediums of various Den- 
ity and Ratio of Reſiſtance, may be analytically inveſtigated as 
follows. | Let the initial Velocity, or that with which it be- 

ing its Motion in the Fluid be V, the Time 7, the Space de- 
Kabel , and the Velocity at the End of the Time +, th 


Denlity of the Medium 4, and the Refiſtance r 25. 


— Then 
- . 0 an 
foy Art. 14. 77 — , wherefore ©" = — ov ; and 
fodi=a"o v=o, * 
56. Whence if the Denfity be uniform, as of Water, then 


. | | 27 
£=1. And if x =-2, then = &* 1, =—— 
Now - is the Fluent, of the Fluxion s, and the Fluent of 


42 


—— is Q—a* Lv, where Q_is ſome conſtant Quantity, 


to find the Value of which, ſuppoſe ; =Q - L v=9, 
then = 4 Lv, but when a, v=V; 


— V 
Q = LV. Wherefore s = a*LV — a*Ly= 4 L.. 

57. The Time 7 is found by the For mula in Art. 10. where 
we had r= — but becauſe when 4 is given, ; = an v 


* 


Finn 
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an yu — 


22 
(Art. 55.) n ＋ 


— = an . . 
Whence taking the Fluents we have / = IEP, nd 


1— 
putting T o, we have += V. wherefore Q= V-; 
conſequently, yo emma for Q its Value, we have 7 = 


an Vi—n— an v — a V — a*v 
.. — 0 Hence, if » = 2, 2 Vo 
Vw 

—Y X 99 


58. We had above 5 = an e ; and taking the Flu- 
= en. doth. Side, wp ene + el 2: 


9 
. ee Let 2 — 3 ='m; then ms = 


2 — 2 
2 Vn — 42 hence ar V ms = a"w®; therefore 
1 


„ee. - Which Theorem therefore gives the 
* 


Velocity — the Space s is known. 
59. In theſe Theorems we fee the Agreement with the for- 
mer Methods of determining theſe Quantities. Thus the 


Space by Theorem in Art. 56. is 2 L - = 2,302585 


E (in Ae. 54.) = BCFE, the ee Space in 


the Figure. Whence, in this Caſe, a* = 2, 302585. x 
8 

1D. 
50. To determine the Space 5 which the Globe ſhall have 
paſs'd by its Vis infita when it has loſt half its Velocity or 


Motion, that is, when V :  :: 2 211 we have L. —, or the 


Logarithm of 4 = 0,301030, which multiplied by : 302585 
gives o, 693 1; and this again, multiplied by 3 D = 72 D. 
gives 1,84832 D = s, which is not quite 2 


61. The Time # being always as 8* x s or ca 


V 
Vu 


a* is conſtant) as 


Vo 


; taker winnw = TV, 1 


Wi ==. which ſhews the Time in which the Globe 


8 


2 R 4 loſes 
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loſes half its Motion is half the whole Time ; that is, BE = 
AB (in the Figure) the Time in which by an uniform Velo- 
city BC it would deſcribe 5 Parts of its Diameter. 

62. If the Medium be Lier, or of an uniform Denſity, 
where == 1 ; and if the Reſiſtance be in the ſimple Ratio 
of the Velocity, then x = 1; and by the Theorems above, 


izaV — av, ie e and v=V — —, 
. — * «a 

63. If in } foregoing Equations the Velocity v = », 
then = © — when x is leſs than 2. But when 2, 


2—8 


$= a? L > = Infinite ; if a be greater than 2, then alſo ; = 
v. — gt 2 ” | 

— — === = Infinite. That 5. 
a—2 x VU „2 * 

is but one Caſe in which the Globe moving in the Fluid 
can loſe its Velocity, or come to a State of Reſt in deſcribing 
a finite Space, and conſequently in a finite Time, v.. when 
# is leſs than 2. In all other Caſes the Motion will never be 
totally deſtroyed. And when # = 1, then, though the Space 
be finite, wiz. V., yet the Time of deſcribing it will be 


infinite, ix, t=aL— = Inknite. 


64. After a like Manner we may raife Theorems for the 
Spaces, Times, and Velocities of a Body deſcending by the 
Force of Gravity in any reſiſting Medium. For ſuppole the 
Medium of an uniform Denfuy, and the Reſiſtance in any 


muliplied Ratio of the Velocity, as r = —=— ; then for 
deſcending Body we have (by Art. 16.) c3 — 14 = v4, and 


N i eq 0 


ca — 


therefore co — ZI = wv; whence s = ===" 


65. Alfo hecauſe (by 44.10.) S —, therefore we hair 


1 = — ' And in like manner the Theorems 


— Can—l — yy 


o . Fri * Pk — U —! 0 
fog aſcending Bodies are 5 = ————, and / = 


— + gn 
— = | 
cant + an 
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66. If the Reſiſtance he as the Velocity, then #31; and 
» the deſcending Body « = — =—%+25 1 the 


ͤ— 1 7, but ſince 
dben So it is vr V, 3 VII. 


] andſos = v. TE Alſo the Time 


— 


b had from the Equation ; = 8 ; of which the Fluents 
C—V 


wt = Q— L - L- — And for aſcend- 
V 
„3 nd L 


67. If the an. be as the Square of the Velocity, then 
:=2, and r= 7. Let the greateſt Velocity the 


Body can acquire by def inthe Fluid, and becauſe then 
tie Reſiſtance is equal to its Gravity or Force of its Weight 


% Art. 36.) —.— (for in that Caſe v , 


whence c I. Let S = Space deſcribed in Vacus to ac- 
ure the Velocity V; then becauſe (by Art. 17.) in that Caſe 


a V, therefore c 8 , and ſo z c Sn Sa 
cnſequently @ = 2 8. 

** aww 
68. Therefore ſince ( 4rt. 64.) 5 = ——= pd 
= putting Yu — vv = xx, and taking the Fluxions vw = 
=r#, and therefore 5 = — e and taking 


be Fluents, 5 =2Q— 2 SL. x = Q=SL. a = Q— —SL. 

. Wherefore when 5 =o, we have == V, the 

Mita Velocity, * Q= SL. 7 —Y*. And conſe- 
—Y 


jently ; =$ L. 


28 


= 


6 mr tf 5 
9. Let L. 5 213 then ; L. +23 SL. = * 
4 
7 V —V* 
g therefore bf = Re 


whence 
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12 
2 


32 
— 82 
the Velocity is fem thenes endiy. found. 


vo. The Times : it obtain'd by the Equation : = 


whence we get o — 


4a Cy 


DE. 
— 75 75 * 


the Fluents we have ? Q+ — dy E= Pq 
=Q+7 2 and putting ? = o, and ſo v 


we >L „ 4 and therefore at 


122 V 


ve have =: "F=IIFIY ; 
71. If the Body deſcends i the Fluid from a State of Rel 
I. 


2 N Rn 
—_ TY - Gabe 
rr ade vebety v v 


7 
1. 7 
And in like Manner are found the Equations for the Space 
Times, and Velocities of Bodies aſcending in a refiſting Me 
dium, which are the ſame with theſe having only the Sg 1 
V and v cha 
72. Thu % 3 have given a Specimen of the ſeveral Vis 
that have been uſed to repreſent and compute the Motion d 
Bodies moving in reſiſting Mediums of any Denſity, and * 
carding to any Law of Reſiſtance. The Theorems in the 
latter Articles expreſs moſt of the Caſes in Prop. 1, 11, 1! 
vl, vIIt, x1, of Sir Jſaac Newton's ſecond Book of F 
cipia; I could have inſerted many more, but have areas) 
1 this Note to a great Length; and. ſhall refer tbe 
der to the admirable Commentary an our Author b 
Meſſrs. Le Seur and Facquicr, from whence I have collec 
* of theſe Articles. 
I ſhall conclude with inſerting the Table refer d to 
the for ing Computations, which is as follows. 7; 
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LECTURE 


* 5 


| * | .» | Spaces 4. 8 . 
ee (Spaces deferite| eb u Free by 
ö 2 24A the greateſt | falling in 
— N. ad: | Velocity... Vacuo. 
9999932] 0,000001 S| 0,002 8 [0,000001 S 
999967 0,0001S | 0,02S {0,0001S 
9966799] 0,009983 S| o, 2 8 0,01S 
19737532] 90397308] 0,45 10,048 
291312610 o, 8868 18 0,6 8 0,09 8 
37994896 0, 155907 8 o, 8 8 0,168 
46211716 0, 240229 8 1, o 8 5258 
537095? o. 340270 8 1,28 jo, 36 8 
60 0, 4545408 1,48 0,49 8 
o, 58150 8 1,68 0,64 8 
o, 7 19660 8 1,88 Jo, 818 
0,8675618 28 Trs 1 
2,650 e 48 48 
7.618657 8 68 98 
6,6143768, 88 168 
8,6137968 108 25 8 
10, 613718 8 128 368 
12.613707 8 148 498 
14.613706 8 16 8 63S 
9 9999997 16, 613705 818 8 818 
io T [99999997 18,613705 gs 1008 


LECTURE V. 


AYDRAULICS. | 

Of the EqQuitisriuM and Motion of FLun = 
in general. Of the Rist of Frulps in Rt 
SERVOIRS and Pipes of Conduit. Of i 0 
RuxxwNv of Rivers. Of tbe Oaο½m (WR : 
FounTains and SprRINGs. Of PERENN14, (2 
In TERMITTING and RECIPROCATIN the 
SPRINGS, The Nature of the Recugvi i 
SYPHON and TanTaLus-Cue. The Taxon * 
of Jer p'EAu's their Apjurt aces, Pies, &. 0 


THEOREMS of the VELociTIES, Moment, 
DisTaxces, Sc. Of SeouTinG Fron 
Various Cal.cuLaTiOns relating to the Mota 
of Fluids thro Pipes applied to the Aninu 
Ozcoxouy, CaTaracrs, Cc. Of the Pr 
perties and Uſe of the CRanz or Sypnox. 1 
whole TROY of Pume-Work at lag 
The Nature of the Common Pune explain 
The Strufture of a New Puur without Frifin. 
The Nature and Uſe of a Mercuriat-Pun,, 
working with Quicksi.veR inſtead of 
Pisrox, explain'd. ARCHIMEDES'S SCREW t 
plain d. The Nature and Structure of Nev 
SHam's WaTer-Encine, of Newcouwrn' 
Fixe-Excine, Savery's Firt-Encine, an 
Paixz's Improvement of Firg-EnGING 
explain d. Of the Fol irilE. The Treo! 
of the Tipss at large explain d. 


| Y HYDRAULICS we are to under 


ſtand the Scignce of the Motion Arn, 


* 


HyDRAULICS. 
ad the Conſtruction of all Kinds of Inſtruments 
ad Machines relating . thereto; alſo the Nature 
Jof Springs, the Theory of the Tides, Fc. are 
uſually explain'd under this Head. 
* Taz Motion of Fluids, viz. their Deſcent or 
Riſe below or above the common Surface or Le- 
yel of the Source or Fountain is cauſed either 
(.) By the natural Gravity or Preſſure of the 
Fluid contain'd in the Reſervoir or Fountain; or 
2.) By the Preſſure or Weight of the Air on 
the Surface of the Fluid in the Reſervoir, when 
it is at the ſame time either taken off, or dimi- 
niſned, on ſome Part in Aqueducts, or Pipes of 
Conduit. (3.) By the Spring or elaſtic Power 
of compreſſed or condenſed Air, as in the com- 
mon Water-Engine. (4.) By the Force or Preſ- 
ſure of Piſtons, as in all Kinds of forcing Pumps, 
Sc. (5.) By the Power of Attraction, as in the 
Caſe of Tides, c. Of all which in Order. 
I. Taz moſt natural Motion of Fluids is that 
ailing from the Force of their own Gravity, by 
which thoſe Parts which ſtand higheſt preſs upon 
others below them, till by that means they riſe 
to the ſame horizontal Level. Thus Water in 
a Fountain ABC D by its Preſſure raiſes that 


Duct GH or GN; unleſs the Orifice of the ſaid 
Duct be below that Level, in which Caſe the 
Water will continually flow from the ſame. The 
Reaſon hereof is evident from the Principles of 
thdroftatics, where it was ſhewn, that (be Pre/- 

ſure 


253 


in the Aqueduct FG H to the ſame Height Pl. XVI. 
IKLM, in every Direction or Poſition of the Fig. 5: 


254 HyDRAUL ICS. 
ſure of ' Fluids was in Proportion to the Aliud 
only, and not according to the Quantity ther, 
and therefore the Effect or Riſe of the Fluid i 
the Duct muſt be equal thereto. Or thus; 7% 
Velocity ef the. Fluid in the Dust at L, is to thu 
in the Fountain at I K, as the Quantity of the Flu 
in the Fountain is to that lin the Dutt in given 4. 
tituder; whence (from the Principles of Mechanic) 
the Momentum of the Fluid in each will be equi, 
and conſequently an Equilibrium will enſue at « 
qual K and L. in both. (LXX) 


. < 2 
Oo 
as] J ” * 


WW, 


Unt) . Sies che Particles of Fluids are to be en 


* 


fider'd as ſmall ſolid Bodies, they muſt obſerve the ſame Law 
of Motion, and have their Mamenta determined in the ſane 
Manner, as Bodies of larger Magnitude; that is, by lle 
Magi or Quantities of Maiter draws into their Velocities, 
Pl. XVI. 2. Now tis evident the Velocities of the Fluid in the he. 
Fig. 5. ſervoir A D, and in the Dutt 8 L, muſt be as the Quanii 
ties of Matter, or of the Fluid, contain'd in equal Altitude 
in each, inverſely ; that is, as the Cylinder TV WL to the 
Cylinder IC DK. For when all the Fluid in the Cylindet 
ICD is paſs'd into the Tube 8 H, it will fill a Space 2. 
bove V W in that Tube, or make a Cylinder equal to tle 
former. Now fince all Cylinders are as their Baſis and A. 
titudes jointly; if B be the Baſe, and H = the Height « 
Altitude of the Cylinder IC DK; and 6, 4, the Baſe and 
Altitude of the equal Cylinder in the Tube above' V V; 
then becauſe B HI « , we have H: /a: B, but the 
Altitudes H and 4: are the Spaces paſs d thro! in the fan: 
Time, and will therefore repreſent the Velocities of the mo. 
ing Fluid ; but 5 is to B as the Cylinder T W to the Cyli- 
der I'D ; (ſor Cylinders of equal Altitudes are as their Bae 
therefore H: I : TW: ID. Or the Velocities are as the 
Quantities of the Fluid contain'd under equal Altitudes in. 


vary”) i 1: Lys 1 ot wolad 20d 71 
3. Or it may, be otherwiſe eaſy to. underſtand that the 
Water <an'riſe no higher in the Tube SH than in che Re. 
ſerroir A D, becauſe (ſuppoſing the Du& every where of a 
equal Bigneſs, and therefore EQ= TL) tis plain, if ve 
continue E to O, and RQ to P; that then . of 
| ENCE 


HyDRAULICS. 
fitxce we have Conduits often ſupplied with 


if Water from Springs which lie above them; and 
» Cocks to ſupply the Inhabitants of a Town with 
a Water by Pipes of Conduct proceeding from à 
n Reſervoir in a Situation above the higheſt Part 
of the Town (LX) | 


lindric Body of the Fluid in the Reſervoir which ſtands overthe 
Orifice of the Duct E Q that is, only the Cylinder of Water 
OEQP aan affect or, preſs upon the Water in the Duct ; 
for all the Fluid (beſides this Cylinder) ſtands over, and there- 
fore preſſes upon the Bottom of the Reſervoir, as CE and 
QD, and fo by equal Re- action has all its Force deſtroy'd, 
The Water therefoxe will deſcend. through. the Orifice E Q, 

ill by its Preſſure it has raiſed a, Quantity in the other Leg 
SH equal to the Cylinders.O.Q + QF, and therefore to an 
equal Height; and thus the Preſſure at FR and 80 being 
equal, there muſt be an Equilhrin mn. 

4. That it ought to riſe to the ſame horizontal Level M Z 
in the inclined T'ube 8 N, whether that Tube be leſs, having 
an elliptic Baſs whoſe longeſt Diameter is S X; or whether it 
be equal to the Tube SH, as having the ſame Baſe ; or, laſt- 
ly, if it be greater, as having a circular Baſe on the Diameter 
SG; I fay, that in every Caſe it ought to riſe to the ſame 
Level Z M is evident, becauſe there can be no Equilibrium 
ull the Preſſure of the Fluid in each Tube, or on each Side 
the Baſe 8 X, or SG, be equal; that ſo, being contrary; they 
may deſtroy each other. But there can never be an equal 
Preſſure on each Side the common Baſe, unleſs there be an 
equal perpendicular Altitude of the prefling Fluid on each 
＋ 2 (as we have ſhewn Aunet. LIV.) che Preſſure 

uids on any given Area or Baſe is ever proportional to 
the Altitude of the F luid, and that only. 

5. Hence it appears, that an Inſtrument like this in the 
Figure may ſerve very well w take a Level for a ſmall Diſtance, 
or to draw a Line truly horizontal ; for the two Points I and 
M will always be in a true horizontal Level or Line. But 
for this Purpoſe the Tube 8 G ſhould be at leaſt 3 of an Inch 
Diameter, to avoid the riſing of the Fluid by Attraction; it 
ſhould alſo move very nicely by a Joint fixed on to the Part 


. 


Hence 


o 


(LXX) 1. Let-ACDB be a Reſervoir with a Duck or pl XVI 
Conduir-Pipe F K L, and at L tury'd off from the Perpendi- pig, 3. 


4 
| 
- 
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| Hexer alſo the Deſcent of Water in River, 
Streams, and Canals, from Springs and Sour; 


cular to give the Water by a Stop-Cock into a Ciſtern for the 
Uſe of a Family. It is plain the Water will iſſue out from | 
with the ſame Force as it would be made to riſe to the Heigh 
LO, were the Tube or Pipe continued upright to O; for 
one Side the common Baſe K, the Preflure (when the Cock i 
ſhut) is proportional to the Altitude E K, but on the other it» 
only LK; the Difference therefore; E I-= LO, is the For: 
of Preſſure by which the Water is protruded from the Cock 
at L. In'the fame manner it is ſhewn, that the Force by 
which it is made to ſpout from the Cocks at M and N is pro- 
portional to the Altitudes HE and GE, or MO and NO, d 
the Fluid in the Reſervoir above them. 
2. The Running of "Rivers is upon the fame Principle as the 
Dette vr ds te intend Planes ; for . 
than à Solid ean move on an horizontal Plane, the Re- action 
of ſuch a Plane being equal and contrary to Gravity entirely 
deſirqys it, and leaves the at reſt; here we ſpeak of i 
Plane ef ſmall Extent, and as coincides with the curved 
Surface of the Earth. But if we confider a large Extent or 
long Courſe of Water, then we ſhall find that fach Water can 
never be at reſt; but when the Bottom of the Channel coincides 
every where with the carv'd Surface of the Earth. 

3. Let ADF be the curved Surface of the Earth, C it: 


© Centre, CD, CE two right Lines drawn from thence, and 


E G a Tangent to the Earth in the Point D. Then *tis plan 
if B D\were # Channel of Water, the Water could not run, o- 
move, becauſe they are every where at an equal Diſtance tron 
the Center C, and therefore equally affected by Gravity. 
But if there be any Place above the Surface of the as E, 
where Water can be found, tis evident that Water can de. 
ſcend in a Channel to any Part of the Earth's Surface between) 
and D, becauſe every Point in the Line E D is nearer to the 
Centre of the Earth, and therefore below the Point or Place E, 
and its Velocity will be ſo much the greater as it tends to 3 
Point nearer B, and loweſt of all, when it moves in the Di. 
rection of the Tangent E D. | 5 

4. Hence it appears that the Source E of all Rivers and 
Streams muſt be more than a Semi-diameter of the Earth C# 
diſtant from the Centre C. And fince all great Rivers run to 
the Sea or Ocean where they diſembogue their Waters at the 
Point D, the Line D C is a Sergidiameter, and = 4000 Mile 
nearly. Alſo the Coulee of all long Rivers being in yr - 
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bove the common Stirface of the Earth; and 
the Breaking out of Springs at the Bottoms and 


retion of the Tangent at the Point D, if they were repre- 
ſented by the Tangent-Line E B, then the Height of the 
Source E above the common Surface of the Earth at B would 
be eaſily found. Thus, ſuppoſe ED were the River Niger 
in Africa, whoſe Source is more than 3000 Miles from the 
Sea; but put ED zooo, and fince CD == 4000, we ſhall 
have CE = 5000, and CE —CB = 1000 = BE = the 
Height of the Source. But fince we know of no Mountains 


abore three or four Miles high, it is plain the River Niger, | 


and all ſuch long Rivera, are ſo far from in a Tan- 
gent, that their Courſe muſt be very nearly of the ſame Cur- 
vature with the Earth's Surface, and inſenfibly diſtant from 
it. 

5. Since Bodies move on Planes ever ſo little inclined, ex- 
cept ſo far as they are prevented by Friction, and fince the 
Friction of the Particles of Water among themſelves is incon- 
fiderable, it follows that the Water fituared on a' Plane ever 
ſo little inclined will commence a Motion; and if the Plane 


be conſiderably inclined, and the Quantity of Water great, its 


Velocity will be proportional, and its Momentum ſuch as will 
ſoon begin to wear away the Earth, and create itſelf a Courſe 
or Channel to glide in. In Rivers that are made, it is uſual 
io allow the Fall of one Foot in 300. 

6. If we allow the ſame Declivity to Rivers which make 
their own Way, then we ſind their Height at their Source 
above the common Surface of the Sea, as in Example of the 


Niger thus: As 300: 1':; 5280: ==> = the Height at one 
Mile, or 5280 Feet. Then again ſay, ESE 3000: 


= g280 x 10 = 10 Miles. From whence it 


. 3 

n evident, that the Continents and Iſlands ought to be much 
above the Surface of the Sea, to give a neceſſary Deſcent and 
Courſe to the Waters through them. 
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7. Let ABC be the Section of a Reſervoir, and B CIK pl. XVII. 


the Section of a Canal of Water ſupplied from thence, and 
ABN the horizontal Line. Now fince the Particles of Wa- 
ter are govern'd by the common Laws of Gravity, the Ve- 
locity of a Particle at any Part of the Bottom of the Canal, 
vF or H, will be the fame as it would acquire by falling 


S on 


Fig 10. 


HYVDRAULICS. 


on the Side of Hills, from Ciſterns and Refer. 
voirs in the internal Parts above them, whieh re. 


through the perpendicular Altitude OF or I. H, (by Az. 

tat. XXVII. Art. 9) chat is, as SOF toy/LH (by Ama. 
tion XXVI. Art. 4.). Hence the Velocity of the Stream i; 
accelerated. 

8. For the ſame Reaſon the Velocity of a Particle at the 
Bottom of the Stream H is to the Velocity of a Particle at 
the Top G, as /LH to /MG ; conſequently the Stream 
moves with a greater Celerity at Bottom than at Top. 

9. The Quantity of Water which paſſes through the Section 

of the Stream H G is the ſame that paſſes through the Sectio 

of the Reſervoir BC in the ſame Time. The | whe may be 

ſaid of any other Section FE ; therefore the Quantity of Wa. 

ter paſſing by any two Sections of the Stream FE and GH in 
the ſame Time is the ſame. 

| 10. Since there runs the ſame Quantity of Water by GH 

as by FE in the ſame Time ; and fince the Velocity at GH 

is greater than at FE ; and laſtly, fince the Breadth of the 

Canal is ſuppoſed to be every where the ſame; therefore it 

follows, that the Depth G H muſt be leſs than the Depth 

F E, and ſo the Depth of the Stream muſt continually decreaſe 


— ©, em moan <_ — — 


as it runs. 
. 11. As the Stream proceeds, the Depth HG decreaſing, 
the Lines MG and LH will a nearer to an Equality, 


and therefore the different Velocities of the Water at Top 
| and Bottom will approach much faſter to an Equality, as being 
; proportionate to the Square Roots of thoſe Lines. 
| 12. This Approach to an Equality is much farther pro- 
| moted by the upper Pats being continually accelerated by the 
| lower, and the lower Parts retarded continually by the flower 
| PF ˙ ²˙ -A 0 Jury Oe" 
13. Since the Difference of the deſcending Velocities, 
. the relative Velocities, are greateſt near the Beginning a 
3 > Head of the Stream, the Waters will there fall or de- 
ſcend with the greateſt Impetuoſity, or cauſe the loudek 


Noiſe. ; 
14. In the Courſe of Rivers, the accelerated Velocity 
ckiy reduced to an equable or uniform Velocity, by the Re- 

ſtance it meets with from the Bottom and Sides of the Chan- 
nel, which Reſiſtance will be as the Squares of the Velocities, 
| and therefore ſoon become ſo great as to equal the accelerating 
| | . celve 
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Vapours, melted Snow, &c. diſtilling or percolated 
through the Pores or Crevices and Chaſms of the 
upper Part of ghe Earth (LXXI.) 


Force, and be communicated to the middle Parts of the Stream; 
cauſing the Whole to move uniformly. | | 

15. Hence in Rivers the Motion of the Water is ſloweſt at 
the Sides and Bottom of the Chanel, becauſe there the Refiſt- 
ance begins, and is communicated to all other Parts. 

16. In different Parts of the ſame River the r Velo- 
city is greateſt where the Bottom of the Channel has the great- 
ef: Inclination or Declivity, becauſe the relative Gravity of 
the moving Particles is here greateſt. 

17. In thoſe Parts cf the River where the Velocity of the 
Stream is leaſt, the Depth of the Water is the greateſt, and, 
vice verſa Becauſe equal Quantities paſs thro* unequal Sec- 
tions of the River in the ſame Time. Hence alſo it follows, 
that the Momentum of running Water mult be every where the 
ſame, or a given Quantity. | f 


S N88 


* 


(LXXI.) 1. Various have been the Theories; of rather 
Hypotheſes, relating to the Origin of Fountains, many of 
which have ſavour'd ſo little of Philoſophy, that they ſcarce 
deſerve to be mention d or confuted. Thoſe who pretend to 
derive the Waters of Springs from the Waters of &o Sea by 
ſubterranean Du, ſeem either wholly ignorant of the hydro- 
ſtatic Laws of Fluids, or reſolved to maintain a Theory by 
meer Hypotheſis. | 


N K N 


ERC 


wich the Waters deſcetid to the internal Parts of the Earth 
towards B; if B be the loweſt Pbint, or that neareſt the Cen- 
de of the Earth, the Water will be forced to riſe from B to 
by the Preſſure of the Water in the Part AB. But when 
tie Water is arrived to C it vill there ſtop, and an Equilibrium 
vil neceſſarily enſue (from what we have ſhewn in Annotar. 
LAX.) Conſequently no Water can riſe above C to the Top 


no other Power in Nature to drive i: thither; and there- 
dre ought to ſuppoſe none. 
3- They who advance the Capillary Hy , or ſup- 
de the Waters riſe from the Depths of — Bu the 
Pitous Parts of the Earth, as it riſes in Capillary Tubes, or 


8 2 By 


ceire their Waters from Rain; Dew, condenſed 


of the Mountain D by the Force of Preſſure; and we can 
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2.For let EC AP be a Part of the Farth's Surface cover'd Pl. XVII. 
with Water at A; ſuppoſe A a ſubtetranean Du, by Fig. 11. 
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By the Preſſure of the Fluid it may eaſily be 
convey'd over Vallies and Hills by bended Pipe 


Tubes of Sand or Aſhes, ſeem not to conſider one principi 
Property of this Kind of Tube, or this Sort of Attraction; 
for tho' the Water rife to the Top of the Tube or Sand, jet 
will it rife no higher becauſe it is by the Attraction of the 
Parts above that the Fluid riſes, and where that is wanting 
it can rile no farther. Therefore, tho* the Waters of the 
Sea may be drawn into the Subſtance of the Earth by At. 
traction, can it never be raiſed by this means into a Ci. 
ſtern or CavIſy to become the Source of Fountains. 

4. The true Principles which ſupply the Waters of Fon - 
tains or Springs, are undoubtedly melted Snow, Rain - Nati, 


and condenſed Yajours. Several have attempted to ſolve the 


Phenomenas by Snow or Rain only; but others making an 
Eſtimate of the Quantity of Rain and Snow, that falls in the 


much ſhort of that Quantity. 
5. But that which was moſt extraordinary was, that they 


fell in one Year would not produce more than 3 of what ws 
raiſed in Vapour ; for by Experiment it was found, that the 
Nin and Snow that fell in a cylindric Veſlel, raiſed a Co- 
lumn of Water about 19 Inches high; whereas the Water 
raiſed in Vapour was yearly about 32 Inches Altitude. Ths 
Deficiency of 13 Inches pal indicated another Way, 

E which the Waters circulate from err 
6. This (among many other Things to 5 
f I N ren ge 

i in the Ile of St. Helena lin 
making his Obſervations for a Catalogue of 


7. Upon this he was induced. to determine by Experi- 
ment, the tity of Vapours raiſed from the Surface of the 
Sea, as far as it ariſes from Heat; for other Cauſes, as Wind, 
and the Warmth of common Air, contribute to exhale the 

, as the ſame Gentleman found by making the Exper 
ment in a cloſe Room, where 8 Inches Altitude of Water 
| 8 of 
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or Syphons, from Ponds or Reſervoirs in a higher 
Situation ; which the Ancients being ignorant of, 


was exhaled in one Year; and tis well known from common 
Obſervation, that a ſtrong Wind will carry off a great Quan- 
tity of Water in a few Hours time, as in the late January 
Storm ſeveral ſhallow Ponds had all their Water blown 
away by the Wind in one Day. Alſo, we find by Ex- 
perience, that one windy Day will make the Ways dryer 
after Rain, than 3 or 4 Days Sun-ſhine. 

8. But the Doctor's Deſign was to ſee what Quantity was 
evaporated by the Heat of the Sun only. For this Purpoſe 
he inſtituted the Experiment in the following Manner: He 
took a Veſſel of Water, and made it ſalt to the ſame 
with Sea-Water, by means of the Hydrometer. In this he 


the Water to the ſame Degree of Heat with that of the Air 
in the hotteſt Summer. . 

9. This done, he affix'd the Veſſel of Wager, with the 
Thermometer in it, to the End of a Pair of Sclles, and nice- 
ly counterpoiſed it with Weights in the other; then at the 
End of two Hours he found by the Alteration made in the 
Weight of the Veſſel, that about the Goth Part of an Inch 
of the Depth of the Water was gone off in Vapour, and 
therefore in 12 Hours, one Tenth of an Inch would have 
been evaporated. Note, 12 Hours only are here allow'd for 
the Time of Exhalation, that being the Length of the Day 
at a Mean; and in the Night, as much, if not more Water, 
FR i L 
10. Upon this Suppoſition, every 10 ſquare Inches 
Surface of the — in — per Diem, a cubic Inch 
of Water, which weighs 2534 Grains Trey; therefore every 
ſquare Foot will yield 4 a Pint Wine Meaſure ; every 8 
* * — * — and every ſquare Mile 6914 

ons. egree ſquare (reckoning li Miles to a 
Degree) will produce 33 Million of 12521 if the Mead 
terranean be 40 Degrees long, and 4 broad (the narrow Parts 
compenſating for the broader,) which is the leaſt that can be 
ſuppoſed, then will there be in its Surface 160 ſquare De- 
grees, which will evaporate per Diem, 5280 Millions of Tons 
in the Summer Time. 


ing vine great Rivers, wiz. The Berus, the Rhone, the Tyber, 
the Po, the Danube, the Neiſter, the Boryfthenes, the Tanais, 


S 3 were 


placed a Thermometer, and by a Pan of Coals he brought 


11, The Mediterranean receives Water from the follow- 
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were at vaſt Pains and Expence very often to 
effect. Hence the running of Water through 


and the Nile; all the reſt being of no great Note, and their 
Water inconfiderable. Each of theſe nine Rivers (together 
with all the ſmaller) are ſuppoſed to bring as much Water to 
the Sea, as is equal to ten Times the Water of the Thamer, 
at 


11. In order to eſtimate the Quantity of Water, which 
paſſes daily thro' the Thames, the Doctor aſſumes the Breadth 
of the River at . — Bridge (where the Flood ſeldom 
reaches) to be 100 Yards, and the Depth 3; fo that the 
dectꝛon of the Channel is 300 ſquare Yards, and allowing the 
Velocity of the Water to be at the Rate of 2 Miles fer 
Hour, there will run in 24 Hours, the Length of 48 Miles, 
or 84480. Yards; therefore 84480 x 300= 25344000 cubic 
Yards, which make 20300000 Tons which the River Thames 
yields — Diem. 3 - 7 ä 
1218. — the above nine Rivers being ſuppoſed to 
bring ten tines as much as the Thames, will iv Joc nome 
or 203 Millions of Tons, and thereſore all the nine will pro- 
duce 1827 Millions of Tons; which is but little more than 
3 of the Quantity (5280 Millions of Tons) evaporated every 

from the Sea. The 4 nearly of this prodigious Quan- 
tity of Water, the Doctor allows ta Rains which fall again 
into the Seas; and to the Rain imbibed by the low Parts of 
the Earth, and ſpent in Vegetation in general. b 

13. The Quantity of Water exhauſted from the Mediter- 
rancan, being ſo much greater than what is return'd by the 
Rivers, is the Occaſion of the Water's ſetting in from the 
Ocean, to ſupply the Deficiency, by a continual Influx or 
Stream, which before this Diſcovery was quite unaccountable. 
Alſo, hence it appears, why the Caſpian Sea, tho? it receives 
the Waters of many large Rivers, is yet never liable to over- 
flow ; becauſe the Waters, brought in by the Rivers, are ex- 
hauſted by the Sun, Wind, Sc. Yea, the Difficulty is on 
the other Hand, fince the Exhalation is ſo much greater than 
the Supply by the Rivers, why the Sea does not appear di- 
miniſh d, or its Waters continually waſting? which Thing 
has never been obſerved. 

14. The prodigious Quantity of Vapours rais'd by the Sun's 
Heat, and otherwiſe, being carried by the Winds over the 
low Lands to the very Ridges of Mountains, as the Pyrenean, 
the 44s, the Apennine, the Carpathian, in Europe; the Tara: 

| x the 
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the bended Syphon accounts for the odd Phæno- 
mena of intermitting and reciprocating Springs; 


Caucaſus, Inaus and others in Aa; Atlas, the Montes Lung, 
or Mountains of the Moon, with other unknown * in 
Africa ; I ſay, the Vapours being compelled by the Stream 
of Air to mount up with it to the Top of thoſe Mountains, 
where the Air becoming too light to ſuſtain them, and con- 
denſed by Cold, they precipitate in Water, and gleet down 
by the Crannies of the Stone ; and Part of the Vapour en- 
tering into the Caverns of the Hills, the Waters thereof ga- 
ther as in an Alembic, into the Baſons of Stone it finds, which 
being once fill d, all the Overplus of Water that comes thi- 
ther, runs over by the loweſt Places, and breaking out by the 


Sides of the Hills, forms ſingle Springs. 


16. Many of theſe Springs running down by the Vallies, 


between the Ridges of the Hills, and coming to unite, form 
little Rivulets, or Brooks ; many of theſe again meeting in 
one common Valley, and gaining the plaia Ground, being 
grown leſs rapid, become a River; and many of theſe being 
united in one common Channel, make ſuch enormous Streams 
as the Rhine, the Rhone, the Danube, &c. And it may al- 
moſt paſs for a Rule, that the Magnitude of a River, or the 


Quantity of Water it diſcharges, is proportional to the Length _ 


and Heights of the Ridges from whence the Fountains ariſe. 
17, This beautiful Account of the Origin of Springs and 

Rivers has been received with univerſal Applauſe and Satis- 

faction in the learned World. I ſhall now add a Word or two 


concerning the different Sorts of Springs which we find in 


divers Parts of the Country. But one Thing I ſhall firſt re- 
mark, and that is, it has been aſſerted, and often taken for 
granted, that where are Springs of Water upon the wery Tops, 
Summits, or higheft Parts of Mountains ; which Poſition is con- 
trary to the Hydraulic Law of Fluids, by which they riſe 
to.the Level of the Fluid in the Reſervoir, but no higher; 
and not only that, but it is undoubtedly falſe in Fact: For I 
have myſelf examin'd moſt of the remarkable Hills in Su/ex, 


Surry, Hampſhire, Buckinghamſbire, Berkſhire, Glouceſterſhire, 


Wiltſhire, Somerſegſbire, and other Counties, but could never 
diſcover any ſuch Thing ; tho* I often found them. on the 
Sides, not far below the Tops, but low enou h to account 
for their being there. And Mr. Cafwell carefully examin'd 
the Tops of the Mountains in Wales (at the Deſire of a Friend) 
and could find no Spring there. I ſhall therefore conclude 
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and alſo in that Inſtrument call'd the Tanta- 
lus-Cup. The Riſe of Water in Wells alſo 


there never was, nor can be, any ſuch Thing in Nature, 

17. The ſeveral Sorts of Springs obſerv'd are (t.) commer 

ring”, which either run continually , and then they are call d 
crennial Springs; or elſe run only for a Time, or at certain 
Times of the Year, and then they are call'd Temporary Springs. 
Iz.) Intermitting Springs, or ſuch as flow and then ſtop, 
and flow and ſtop again, by-regular Alternations or Intermiſ- 
fions. (3) Reciprocating Springs, whoſe Waters riſe and fall, 
or flow and ebb, by 4 e or Reciprocations of 
_ Surface. All which are produced after the following 

ner. 

18. Let ABCDE repreſent the Declivity of a Hill, whoſe 
Section, from Top to Bottom icularly, is ſhewn in the 
Figure; in which let FGH be a Cavern or Baſon near the 
Top which collects the Water gleeting thro' the Crannies, 

bas a Drain or Du@ leading from H to the Side of the 
Hill at B. "Tis evident when the Water riſes to the Drain 
H, it will deſcend thro' it to B, where it will break out in 
Form of a Fountain or Spring, and will continue thus, ſo long 
as the Reſervoir is ſupplied with Water above the Level FH, 
and after that it will become dry. Thus we fee a Spring 
may be generated near the Top of the higheſt Hills or Moun- 
tains. Gf this we have a notable Iuſtance near the Top of 
Land/down-Hill by Bath. a 

19. There is one odd Phenomenon of ſuch Springs that 1 
ſometimes oblerv'd, and that is, that they run in diy Weather, 
and are dry in wet Weather ; to account for which, we need 
only obſerve, that while the Weather continues wet, the 
Waters are gathering into the Baſon or Reſerypir, till there 
is a ſufficient Quantity to run over and make the Spring play, 
by that Time the Weather is alter d and become dry; du- 
ring the dry Weather, the Remains of the laſt Rains (for 
theſe Springs preceed chiefly from Rain Water) are conti- 
nually — the Reſervoir, and by that means ſupplying 
the Spring, but by the Time theſe are all ſpent, the Weather 

again alters to Wet, and the Spring ceaſes of courſe, till it 

meets a freſh Supply from the preceding Rains, and fo on. 
20. The INTER IT TIN SPRINGS may be thus accounted 
ſor: Let IK L be a Cavity in the Mountain, to which at I there 
is a feęding Stream that brings the Water from other Parts, and 
at K, on the lower Part, there goes a Dutt K4C, which 
is of a curyed of crooked Form, and conveys the Water to 
15 
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is owing, to the Weight of that in the ſub. 
terranean Ciſterns from whence they are ſup- 


the Side of the Hill at C, where it breaks out in a Spring. 
Here tis evident, that as the Water riſes in the Cavern, it 
will riſe in the Du& at the ſame Time, till the Surface of the 
Water IL be level with the higheſt Part 4 of the Du, af- 
ter which the Water will deſcend from 4 to C, which Point 
C, being lower than the Orifice of the Duct K, will exhauft 
the Cavern of Al its Water, and then the Spring will top 
till the feeding Stream I repleniſhes the Ciſtern to the ſame 
Level I K, and then the Fountain will play again; this ſup- 
poſes the Dutt K C to carry off more Water than the other 
at I brings to the Ciſtern; and then every Thing follows 
from the Nature of the 6ended Syphon as explain d in the next 
Annotation. 

21. The ReciyrROCa TING SPRINGS are occaſion d after thss 
Manner. Let MN O be a Cavi'y ſupplied by a feeding Stream 
PM, and alſo by a Syphon K4 O, which brings Water from 
another Cavity above, as IK L; the Duct N carries the 
Water to the Side of the Hill at D, and there makes a con- 
ftant Spring, by Virtue of a conſtant Supply of Water, by 
the Drain PM. The Water at D will alſo flow and ebb 
ternately, for when the Syphon K 4 O works, the Surface of 
the Water MO will be ſuddenly raiſed, and preſs upon the 
Water at N with a greater Force, by which Means it 
will iſſue out at D with a greater Velocity, and raiſe the 
durface if confin'd ; but when the Syphon intermits, or ceaſes, 
the Momentum of the Water at D is not ſo great as before, 
and then the Spring will ſink dr decreaſe, 

22. In like Manner we account for the riſing of Water 
in Wells. Thus ſuppoſe a Well be ſunk at the Foot of the 
Hill at E, to ſuch a Depth E V, as will bring the Diggers 
to an Eruption of a Spring at V, whoſe Water is 8 
QRS in 

) 


by the Dutt RV (or many of them) from a Cavity 
the Hill, (or otherwiſe from a Pond, a River, the Sea, Cc. 
dis evident the Water in the Well will riſe from the Bot- 
tom V, to an Altitude V T, where the Surface of the Water 
at T is upon a Level with that in the Reſervoir QS, and 
thus conſtitutes a Well. 

23. If thoſe Reſervoirs of Water in the Body of Moun- 
tains be fituated where Mineral Ores abound, or the DuQts 
or feeding Streams run thro'-Mineral Earth, tis eaſy to con- 


cove the Particles of Metal will mix with, and be abſorb'd 
plied 


= 
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plied by proper Canals: or Springs (LXXII) 
From the Preſſure of the ſuperior Fluid we 


by the Water, which being faturated therewith, becomes 2 


Mineral Spring or Well. If Salt, Sulphur, Lime-Rone, G. 
abounds, in the Strata, thro'- which the Water paſſes, it wil 
then be ſaline, ſulphureous, Lime-Water, &c. HH Sulpuur 
and Iron ſhould both abound in the Parts of the Hill, whence 
the Waters come, the Waters will partake of the Warmth or 
Heat, which is occaſion d by the Mixture of two ſuch $ub- 
ſtances in the Earth, where they are found. Now, tho' every 
Thing may not happen preciſely in the Manner, as here te. 
preſented, yet-that it is in ſome Way analogous to it, I believe 
no. Perſon will doubt. who bas been at the Peak in Dub 
Hire, or at Wookey-Hole in Somerſetſhire, and ſeen the won- 
derful Caverns, Receptacles and Streams of Water, which 
Nature has there furniſh d in the Bowels of the Mountains. 


 $SenorLrivn. 


24. 1 ſee but one Objeftion which can be made to the 
foregoing noble Theory of Dr. Hallzy, and that is, that aBo- 
dy of Water heated to the ſame Degree with the hotteſt Sum- 
mer Air will certainly evaporate more from a given Space in a 
given Time than the deep Waters of the Sea, whoſe Surface 
only is affected by the Heat of the Summer Air; and there. 
fore in all probability the Doctor's Quantity of Water raiſed 
in Vapour was much too great. To which Ianſwer (1.) The 
Rivers are ſuppoſed to return much more Waters to the Se: 
than they really do, for no one can imagine there can be 90 
Times the Water of the Thames brought to the Mediterrazecn 
by all its Rivers. (2.) The Doctor accounts for Springs by 
the Quantity of Vapour exhaled by the Sun alone, wheres if 
we abate near half this Quantity, and take in what is raiſed by 
the Wind and Agitations of the Sea, together with the large 
Supplies from Rain, Melted Snow, &c. we ſhall undoubied. 
ly find ſufficient Matter for the Sources of all the Rivers ard 
Springs. (3) As the Vapour is exhaled from the Surface of 
the Water only, it will be proportional to the Heat in the Sur- 
face only, which muſt be nearly the ſame for the moſt Part of 
the Day with the contiguous Air, and therefore the Caſe » 
not ſo widely different from the Doctor's Experiment as might 
be at firſt imagined. | . 


( LXXIh Tue Nature of the ended Tube or Syt (of 
which we have made ſo much Uſe in the preceding —_ 
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have the Invention of a Natural Fountain, which 
playing from the ſmall Orifice of an Adjutage 


an) will eaſily appear by conſidering it as follows. ABCD pl. xIx. 
2 . 19 4 which is inſerted at the Bottom a bended Pipe Fig. 2. 


BGHIK to repreſent the Syphon. Now if Water be pour'd 
into the Veſſel, it will as it riſes in the Veſſel riſe alſo into the 
Pipe or Duct, till the Water in the Veſſel be upon a Level FE 
with the upper Part G of the curved Tube; what more is 
pour'd in after this will run over the Bend at G down the 
lower Part G H; and from the loweſt Point H it will, by the 
fame Principle as before, be forced into the riſing Part H I. 
where at the Bend I it will again run over, and deſcend thro 
the Part IK, and at K it will run out, as being lower than 
the Level of the Bottom of the Veſſel CL. 

2. That the Pipe muſt neceſſarily be full to the ſame Alti- 
tude every where as the Water ſtands in the Veſſel, by the 
Preflure of that in the Veſſel, is evident from what we have 
ſhewn in Annotation LXX. And fince it can riſe no higher in 
the Veſſel than in the Pipe, and in the Pipe it can riſe no 
higher than the bended Parts G or I, therefore it can riſe no 
higher in the Veſſel than thoſe bended Parts of the Pipe. A- 
gain, becauſe the Preſſure of the Air upon the Water at FE in 
the Veſſel, and upon the Orifice at K is equal, therefore if 
the Orihce K were in the ſame Level with the Bottom of the 
Veſſel CL, the Water, having the ſame Altitude E B and 
ML, wou'd not run out at the Orifice L, but remain in Equi- 
libris with that in the Veſſel. 

3. But, laſtly, ſince the Orifice K is below the Leyel, the 
Water at K will have a greater Altitude M K, and therefore 
a greater Preſſure, or Momentum, and ſo will prevail againſt 
the equal Preſſure of the Air, and run out; and will continue 
to run out, till all the Water in the Veſſel be exhauſted, be- 
cauſe the Preſſure of the Air upon the Surface F E will force 
the Water into the Pipe to prevent a Vacuum, which muſt o- 
therwiſe happen in ſome Part theteof, which is abſurd or con- 
trary to Nature. | 
4. For ſuppoſe the Water were not to enter at B as faſt as 
t runs out at K, there muſt happen a Separation of the Wa- 
ter in ſome Part of the Pipe, as at I for Inſtance; then the 
Warer ruaning out at K will cauſe the ſeparated Part to deſcend 
from I towards L, and fince nothing can get into the Space 
between the ſeparated Surfaces of Water at I and L, all that 
pace muſt he a pure Vacuum, and therefore the Water muſt 


at 
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at the Bottom, will ſpout very beautifully ner. 
ly to the Height of the Water from the Four | 


be at reſt in the Pipe between B and I, tho' the Preſſure of the 
whole Atmoſphere acts upon the Part at B, and nothing at al 
at the Part I to reſiſt or counteract it, which is contrary to the 
Nature or Definition of a Fluid, as has been abundantly ſbeun 
in Azzot. LIII, and all the ſubſequent ones. 

5. This bended Syphon is uſually call'd a TaxrALLus, fron 
the Semblance of the Experiment made with a Man in a Gla 
to the Caſe of Tanta/us in the Fable, who, according to the 
Poets, was ſentenced for his horrid and unnatural Crime of 
killing, — and ſerving up his own Son at a Feaſt of the 
Gods, to ina River of Hell up to his Chin in Water, 
which yet he is not permitted to ſip to quench his eternal 
Thirſt. Now this Tanxte/us is the in the Glaſs, with : 
Syphon conceal'd in his Body, beginning in the Bottom of 
one of his Feet, and aſcending to the upper Part of his Breaf; 
there it makes a Turn, and ds through the other Leg 
on which be ſtands, and from thence down through the Foot 
of the Glaſs, where it runs out, and cauſes the Water to ſib- 
ſide in the Glaſs, as ſoon as it riſes to the Height of the 9). 
— the Chin of the Man; and thus aptly expreſes 

6. This Syphon may very eaſily be conceal'd alſo tie 
Handle of acommon Pint Pot or Cup, and then it is call'd the 
TaxTaLlusCuy : For the Top of the Handle being a little be- 
low the Topor Rim of the Cup, and the loweſt Part of the Han. 
dle or Syphon below the Bottom or Orifice by which it com- 
municates with the Cup, will cauſe the Cup to have the Pro 
perty of emptying itſelf when fill'd to the Nin as is eaſy w 
undcrfiand from w hat has been ſaid above. 


SCHOLIUM. 


7. The Nature of this Syphon, or the hydraulic Lau d 
Fluids, on which it depends, was not underſtood by the An- 
cients ; for though we read ſurpriſing Accounts of the Ama 
Aquzdudts and Pipes, by which they convey'd Water to the 
Diſtance ſometimes of five or fix Miles, yet we find no men. 
tion made of any other than horizontal and deſcending Pip® 
or Du@ts, and never of any —— If the Wi 
ter was to be convey d where a Valley interpoſed, they vit 
great Expence and Labour conſtructed a Water · Courſe ore! 
the ſame, ſupporting it with vaſt Piles and Arches ſometin* 


rain; 
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ain; but it cannot quite reach that Altitude, by 
caſon of the Air's Reſiſtance (LXXIII.) 


rom the Depth of near an 100 Feet, Whereas a ſingle Pipe 
laid over the Vale would have done the Buſineſs moſt effectual- 
ly. If a Mountain interpoſed, we find they would ſometimes 
carry their Aquæduct through the very Body of it by Pint of 
Labour, which furely could not have been their Choice, had they 
known that a Pipe laid over the Top coming from a Reſervoir 
of a proper Height would have anſwer'd the ſame End. Such 
Reſervoirs indeed ſuppoſe the Uſe of Pumps to raiſe the Wa- 
ter into them; and Pumps they had of various Kinds, but 
could not apply them for want of know ing the Theory. They 
who would acquaint themſelves with the Magnificence of the 
Remans in regard to their Water -Works and Aquæducts may 
conſalt Frontinus and others, who have wrote on this Subject. 


4 Eau's, depends on the following Principles. It has been 
ſhewn, that Water coming from a Reſervoir ABCD, through 
the Pipe EFGH, will rife from the loweſt Part G to the ſame 
Altitude H, in the Part GH, as is upon a Level with the Sur- 
face of the Water AB in the Reſervoir: And alſo that it 
thus roſe from the Point G by a Force of Preſſure proportional 
to the Altitude of the Water in the Reſervoir, which is equal 
tothe Altitude GH. Arnot. LXIX. 

2. Now I preſume tis very evident that the Tube GH it- 
ſelf can contribute nothing towards the Water's riſing in it ; 
but on the contrary, it rather impedes the Aſcent by tae Fri- 
ction it occaſions to the Particles which move againſt the inter- 
nal Surface thereof. Therefore if the Part G H be taken away, 
the Water would riſe to the ſame Height H, excepting ſo far 
as it is obſtructed by other concurring Incidents ; for in all 
Fountains the Height GT is ſomewhat lefs than G H, the 


Height in the Tube, he following Reaſons. 
3. Firfl, The Av Kader is an Obſtruction to the Jet, 


and diminiſhes its Height; and fince we know that the Re- 
kitance of Fluids is proportional to the Squares of the Veloci- 
ty, (Arnot. LXVIH. Art. 4.) and the Deficiency of Height 
HI is proportional to the Reſiſtance ; therefore a Jet 

plays with a double Velocity will have that Deficiency four 
Times as great ; and with three Times the Velocity, nine 
Times as great; and ſo on. 


4- The ſecond Impediment is the Friction againſt the Sides 
From 
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Fig. 3. 
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From this Preſſure of Fluids, as the Cant, 
we can eſtimate the various Momenta or Force 
of ſeveral Jets ſpouting through the Sides or Bo. 


of the Hole, and the Adjutage at G; and fince this is in pro: 
portion to the Hy of Surface in the Hole, it will be 

reater in a {mall Ho than a large one, in reſpect of the Bo 
dy of the Jet, or ſpouting Water; becauſe the Jet will in. 
creaſe in Magnitude with the Square of the Diameter of the 
Hole, whereas the Reſiſtance will increaſe only with the Da. 
meter ſimply. Or a Hole of twice the Diameter emits ſou 
Times the Water, and gives but twice the Reſiſtance. Thi 
makes a {mall Jet riſe to a leſs Height than a large one, fron 
the ſame Reſervoir. 

5. A third Impediment ariſes from hence, that ſince all the 
Perticles ſet out from G with an equal Velocity, and this Ve- 
locity is continually diminiſhing, it follows that the Velocity i 
the inferior Parts is greater than the Velocity of the Parts abore 
them, and therefore muſt in ſome Degree ſtrike againſt them; 
by this Impulſe (fince Fluids move every way) the Particle 
will be urged ſideways, and the Column of the Jet become 
wider, and conſequently ſhorter than it would otherwiſe be. 

6. The fourth Cauſe why Jets do not riſe to the Height d 
the Reſervoirs, is becauſe the Water upon the Top of the ſet 
does not immediately run off, but ſpreading into a Head, lie 
with its Weight upon the aſcending Water below, and hinder 
it from riſing ſo high as it would do. This will appear by in- 
Clining the Jet a little, that the upper Water may not ben 
upon the riſing Stream, for the Jet will then play higher, but 
be leſs beautiful. | | 

If the Hole of the Adjutage G be lefs than + of an Inch 
in Damect the Force of the Attraction of Coheſion wil 
extend itſelf thro the Body of the Jet at the Hole, and great- 
ly obſtruct its Aſcent ; hence the Riſggof Jets in Models, for 
Experiments cannot be expected ſo as others, becauſe of 
the very ſmall Holes made uſe of in them. Whence all Jen 
of larger Fountains (ſuch as are in Gentlemens Gardens) ought 
to exceed + of an Inch in Diameter, and that in Proportion 
to the Height of the Reſervoir, as will be ſhewn hereafter. 

8. If the Conduct - Pipe EFG be not of a proper Size to 


Gren Water, as faſt as it can be expended at the AGE 


, the Jet will likewiſe be check'd, and will not riſe to 
full Height. To aſcertain the Proportion of the Conduct 


Pipe to the Bore of the Adjutage, is the Bulineſs of E. 
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oms of Veſſels at different Depths below 


the Surface: For the Momenta of Flujds, as 
well as ſolid Bodies, is compounded of the Quan- 


periments; and what has reſulted from thence, in regard to 
this Matter, will be ſhewn in a Table by and by. 

9. And one Thing more is neceſſary to be known, that the 
Jet may play the higheſt poſlible, vi. that the Part of the 
Conduct-Pipe at the Adjutage does not turn up at a Right 
Angle, but with a gentle eaſy Curve; that is, not as at G, 
but as at L, where the Jet plays to a greater Height at K. 
The upright Part at G directly reſiſts the Water coming 
from F, where the Curve at L cauſes the Impulſe of the 
Water againſt it to be very oblique; and therefore a leſs Parc 
of its Momentum will be deſtroy'd, and conſequently the greater 
remaining Force will throw the Jet the higher. | 

10. From what has been ſaid in Art. 4. A* (ceteris 
paribus) the Hole in the Adjutage ought to be made in a 
thin Plate of Braſs, and not thro the Bore of a Tube of any 
Length, becauſe of the Quantity of Surface in ſuch an Ad- 
jutage-Piece, which muſt tly retard the Jet, and diminiſh 
the Height. This is a Fault which moſt People have run into 
for want of an experimental Knowledge of this Science. For 
the ſake of Beauty they ſcrew on ſuch a conical Piece as re- 
preſented at M, of an Inch in length, inſtead of a Plate of 
Braſs, whoſe thickneſs need not exceed the 4oth Part of an 
Inch for very large Jets, and whoſe Friction will therefore be 
40 Times leſs. 


11, If the Jet be play d from G, the Velocity with which Pl. XIX. 
it ſets out from the Adjutage, will be as F and throw Fig. 4- 


it to its full Height G C at once; but if the Pipe deſcends 
below FG to H I, and thence returns upwards again to the 
ſame Level FK, and the Jet be play'd from K, the Velocity 
with which it ſets out from K at firſt will not be the ſame 
as the Velocity from G, that is, it will not be as F. 
or / QH—FH, but it will be as / QH—v FH, which 
is leſs, and therefore the Height at firſt will be only K L, 
from whence by Degrees it will riſe to M upon the ſame 
Level with C, ſo that its laſt Height K M- will be equal to 
the Height G C of the Jet from G. 

12. The Truth of the laſt Article is thus demonſtrated, 
The Water in the Legs QH and IK are to be conſider'd as 
two Nan-Elaſtic Bodies whoſe Momenta (being as the Pref- 


tity 
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tity of Matter and Velocity; but in ſpouting 
Fluids, tbe Quantity of the Fluid iſſuing throw 
the ſame Hole in the ſame Time is always as th 


fare) are as the Altitudes QI and I'K ; and fince both tl 


Velocities and Quantities of Matter moved in a given Tine, 


are as the Square Roots of the Altitude (as will be ſhewn in 
the next Annotation) therefore we have QH = VN 
AH, nd IK=v IK xv TK, and fince the Difs 
rence of the Mamma, divided by the Sum of the Bodies, gie 
the Velocity after the Stroke ( Annor. XXIII. Art. 4) which 


wewillcallx, therefore IK 
| VQH+vVIK 

S = -I. (becauſe / QH x V N- 
VTKxV TK= 4, + TK x v QH—VIE; 
C1 the Water at firſt ſetting out 

13. But fince Fluids a& not by a fingle Impulſe, as Solids 
do, but conſtantly'; the Velocity of the Water at K will not 
be equable at firſt, but accelerated for ſome Time, that b, 
till all the Water in the Leg IK ſhall be brought to move vith 
the ſame Velocity with that in the Leg QH when it comesto 
be uniform: For as the Velocity in the Leg I K is accelerated, 
ſo by its Re · action does it retard the Motion or diminiſh the 
Velocity of the Water in the Leg Q H ; but as it cannot to. 
tally deſtroy the Motion of QH, that which remains muſtbe 
equable or uniform; and what that is will eafily appear if ve 
only confider, that that Part of the Motion which is deſtroy'd 
in QH by the Re- action of the Leg I K muſt be equal to ic 
own Mecmentum, which is as IK; (becauſe Action and Re- 
action are therefore the remaining Momentum of QH 
will bQH—IK=QH—FH= QF, wherefore tue 


laſt Velocity will be as N, e equal to that u 


G, and ſo carry the Water as high; that is, 
from L to M, as high as from G. 


14. To an 1 H = 25 Feet, Fl 
MFE — HF=) ibs therefore 
the firſt Velocity will be to the laſt Velocity as / H 
VTE: VQHE-ITK =vV hiv 2; —vV9= 
g—3=2:v 25 —9=V 16=4 Conſequently the 


* Celerth 


Jet will rie 
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Celerity of its Motion, as is eaſy to conceive : 
Whence the Momenta of ſpouting Fluids are pro- 
portional to the Squares of the Velocities, or Quan- 
tities of Matter iſſuing out in à given Time: But 
fince the Momenta are the Effect of Preſſure, it 
is evident, the Velocity, or | Quantity of ſpouting 


the Height of the Jet K L is to the Height at laſt K M,. as 2 
to 4. And thus you carry on the Calculation for any Length 
of the Leg I K whatſvever. 1 

15. I ſhall here ſubjoin a Table of the Height to which 
Jets will riſe in Feet and decimal Parts from Reſervoirs of an 
Height of five Feet to 150 Feet. 


>] © > 
I Fe S Jet. 8 
5 4,9103 1,4041036, 5 5 
5.882422, 334237,35 

6,840 53. 2043038, 14 
8 7,8 26424, 0644038, 9 


9 8.74724, 924539.75 | 
ro, 9,6802 812 5,7804 
11010, 6229.26, 6347 
12% 1,5 53007, 48048 
311 2,4813 1028, 3249 
1413,40 3289, 10ö 
1514.313330. 5! 
16 15.2234 30, 8305 2 


1716,13 353 1,6353 
187,030 2,4754 
19.17.93 — 55 


2018,82 38034, 11056 


349357 


21029. 703 
35»74158149 


22020, 584 


9475, 1t 


16. By various Experiments that have been made by Mr. 
Mariette, Dr. Deſaguliers, and others, it has been found, that 
if the Reſervoir be five Feet high, a ConduQ-Pipe 1 + Inch 
Diameter will admit à Hole in the Adjutage from ; of an Inch 
to g of an Inch; and ſo on as in the following Table: 


x 4 Fluids 


273 


— 1 
— —— — — — 


— 4. — 


. 


* . tt. 


274 


HY DRAULICS. 


Fluids is ever proportional to the Square Root ef 
The Preſſure or Altitude of the Fluid (LXXIV.) 


: 
, 
* 
1 
. 
: 


Height of Diameter of the Diameter of the 


Rejerweir, Adjutage. Pipes of Condud?. 
5 Feet —x to 1 Inch. 

10 to + Inch 2 Inches. 

15 z an Inch ——-— 2 Inches, 


20 : an Inch 8 
25 —  , an nh ooon mmm m© 2 12 
30 2 to 3 of an Inch — 3 

40 Z of an Inch --—— 4 3 Inches. 
50 : of an Inch --—— 5 Inches. 


60 Inch 5 Inches. 
80 14 Inch-———- — 6 Inches. 
ioo 14 ori Inch — 7 or 8 Inches. 


17. Here the Jet is ſuppoſed to be within 100 or 150 Feet 
of the Reſervoir ; but if the Conduct - Pipe much exceeds this 
Length, it muſt be of a larger Diameter than what is here . 
fign'd. Thus for Jets from + of an Inch to thoſe of an Inc, 
and from Reſervoirs from 40 to go Feet height, if the D. 
ſtance be from 150 Yards to 4 of a Mile, the Diameter of 
the Pipe ſhould be of 6 Inches; from 4 of a Mile to tw 


Miles, it muſt be of 7 Inches; and from 2 Miles to 5, it 


' muſt be of 8 Inches Diameter for the fame Jets. 


18. If it be required to keep any Number of Jets playing, 
whoſe Adjutages are given in Diameter, by one common 


Conduct-Pipe, we muſt find the Diameter of an Adjutage e. 


qual to all the given ones. Thus if there be four Adjutages 


of } of an Inch Diameter each, then the Square of I is % 


which multiplied by the Number of Adjutags 4, makes “ 
the Square Root of which is $5 = 14 = the Diameter of thc 


| Adjutage equal to all the four ſmall ones. A Pipe of Conduct 
of 10 Inches Diameter will ſupply all the Jets, as being a little 
more than fix times as great as the Diameter of the one large 


Adjutage now found. After this Manner the Dimenſions of : 


Conduct- Pipe may be found for any other Number of Ac)u- 
- ages. 


PI. XVI. , 
Fig 6. 


(LXXIV) To repreſent theſe Propoſitions in Symbols may 
render them more perſpicuous, and, perhaps, more elegant 
Therefore let Water ſpout from the Side of a Veſſel at tuo 
different Depths B and E from the Surface of A; the Mono 

FroM 
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From hence it appeats, that the Velocity of a 
Fluid ſpouting at any Depth below the Surface, is 
equal to the Velocity a heavy Body would acquire 
by falling from the ſame Height; becauſe the Ve- 
locity, as was obſerved, is always as the Square 
Root of the Space deſcended through. If there- 
fore on the Altitude of the Fluid A K, as a Di- 
ameter, we deſcribe the Semicircle A FK; and 
from any Point therein, as I, we draw the Per- 


_ pendicular IH, that ſhall be proportional to the 


Diſtance to which the Fluid will ſpout from an 
Adjutage at H: For the Velocity will be as the 


tum of the ſpouting Fluid will be as the Force which protrudes 
it, and this Force 1s every where proportional to the Altitude 
of the Fluid, therefore the Momentum of the Water at B and 
E will be as AB, and AE, which let be denoted by » and 
M. Then let v and V be the Velocities with which the Wa- 
ter ſpouts; and g and Q the Quantities of Water iſſuing out 
in the ſame Time from the Adjutages B and E, then we ſhall 


have m ,, and M= VO. And therefore == v, and 
M 
—=V. 


2. Now the Quantity of Water ſpouting from any Hole in 
a given Time muſt neceſſarily be as the Velocity with which it 
flows ; for the greater the Velocity, the greater will be the 
Number of Particles which come to the ſame Point in the 
ſame Time, or the greater will bethe Quantityof Water which 
paſſes by the Orifice of the Adjutage, as is very eaſy to con- 
if therefore : Q: : V:: — 2 z conſequertly 
T* 12 —xQ or Mgg = whereforem:M :: 
29: QQ(:: vw: VV, as is evident from the Proportiona- 
li of the Roots) Therefore alſo : Q.: v: Vi Vn: 
Mu VAB: VAE. N 
3. Hence if AB: AE :: 1: 4, the Velocity at E will 
double the Velocity at B, and the tity of Water which 
llows from E will be twice as great as that which flows from B 


14 Square 
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Pl. XIX. 
Fig. 5. 


Pl. XVIII. 
Fig. 1. - 
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Square Root of A H, and the Time as the Squar 
Root of HK; whence the Product of theſe two 
will expreſs both the Space paſs'd over by th: 
projected Body, and alſo the Line H I, as is wel 
known to Geometricians. 

Hence it follows, that @ Fluid will ſpout fron 
4 Hole or Adjutage D in the Centre of the Semi 
circle, or middle Point of the Altitude A K, to the 
greateſt horizontal Diſtance K M poſſible ; becauſe 
the Perpendicular F D is the greateſt that can 
be drawn to the Diameter A K. Alſo *tis evi 
dent, that from two Holes B and H, equally d. 


in one Minute, or any given Time. If AE be equal to 
9AB, the Velocity and Quantity of Water will be three time: 
greater at E than at B, and fo on. 

4. Hence tis very evident the Velocity of a Spouting Fluid, 
and that of an heavy Body, which it acquires by falling from 
the Surface of the Water A to the Adjutage B or E (in Yau) 
will be both the ſame, as being both equal to “/A er 
AE. See Anot. XXII. Art. 4. | 

5. Hence alſo, if AB DE be a Veſſel of Water whoſe 
Surface is A B, then a Parabola D C E deſcribed on the Bot. 
tom DE and Height of the Water OC, will expreſs by id 
Ordinates ac, df, gi, km; ED, the Velocities with u hic 
the Water will ſpout from the Veſſel thro' Holes G, I, L. 
N. D, made in the Side upon a Level with thoſe Ordinates 
reſpectively; becauſe theſe Ordinates are as the Square Root 
of the Abſciſſe Ch, Cc, Ch, &c. that is, as the Square Root: 
of the Altitude of the Fluid above the ſaid Holes. Thus it 
Ci{/=4C5, the ac: In:: VCI: Cl: 12225 Ve- 
locity of the Water ſpouting from G to the Velocity of that 


ſpouting from N. And ſo in every other Place. 
2 if AB the Axis of a Parabola be equal to + BC 


its greateſt Semi-ordinate, the Point B will be the Focus, and 
BC the Semi parameter of the Parabola, Now fince Water, 
or any heavy Body, falling from the Height AB, or Water 
ſpouting at the Depth A B below the Surface, will acquire 2 
Ba Velocity that in an uniform Motion will carry it over 1 


ſtant 


Space equal to 2 AB or BC; and ſince in one 
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fant above and below the middle Altitude D, the 
Pets of Water will be made to the ſame horizontal 
Diftance K N; becauſe the Perpendiculars to theſe 
two Points, viz. CB and IH, are equal. 
MoxzoveRr, the horizontal Diftance KM, to 
which the Water ſpouts from D the Centre, is 
equal to the Diameter or Altitude A K, or twice 
DF. For ſince the Velocity of the Jet at Q is 
equal to that acquired by falling through the 
Height AD, or D K, it will, as being uniform, 
carry the Fluid in an horizontal Direction over 
twice the Space DK or DF in the ſame Time: 


Time a Body falls through 16 Feet ; therefore if we divide 
AB into 16 equal Parts, and B C into 32, and Ordinates be 
drawn through every Point of Diviſion in the Axis AB, and 
Perpendiculars to the ſame Point BC, then there will be exhi- 
bited at one View the uniform Velocities acquired by the ſeve- 
ral Falls, or Jets of Water, from all Heights to 16 Feet. 

7. Theſe Velocities are expreſſed by the reſpective Ordi- 
nates, and their Meaſure in Feet ſhewn by the Perpendiculars 
in the Scale BC on the Baſe. Thus, for Example, a Fall of 
4 Feet gives an uniform Velocity of 16 Feet per Second; a 
Fall of 9 Feet gives 24 ; and ſo of the reſt. Alſo the Time 
of the Falls, being proportional to the Ordinates, might have 
been expreſſed by another Scale of 60 Thirds (equal to one 
Second) in the Baſe BC; but to avoid Confuſion, I have 
given the Scale of Time upon the Curve of the Parabola: So 
that any Queſtion relating to the Time, Velocity, or Height 
of a Fall or Jet of Water leſs than 16 Feet, may be readily 
ſolved by Inſpection, and that to an Exactneſs ſufficient for 
the niceſt Caſe in Practice. 

8. After the ſame Manner may a Parabola be conſtructed 
for all Heights to an 100 Feet, but that I leave to the Reader, 
that which I have given being nearly ſufficient for all common 
Occaſions. Such a Scale has been greatly wanting in Books 
of this Sort, and ſuperſedes the Neceſſity of thoſe large Ta- 
bles which we find in ſome voluminous Treatiſes of Hydro//a- 
tics; as thoſe of M. Belidor, &c. Note alſo, the ſeveral Or- 
dinates of this Parabola expreſs the Lengths of a Cylinder or 
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And therefore, ſince the Diſtances of Jets from 
D and Bare as DF to BC, and the Diſtance 5 
the Jet from D is equal to twice DF, the D. 
ſtance of the Jet from B will be alſo equal to 
twice BC, or KN=2BC(LXXV.) 


Column of Water iſſuing from an Adjutage at any of thoſe 
Depths in one Second of Time, as being proportional to the 
Velocity at each reſpective Place. 


(LXXV.) 1. The Velocity of the Fluid ſpouting from} 
we have ſhewn to be as V AB, and the Time it takes in go- 


ing to the horizontal Line will be as B K, becauſe that 
would expreſs the Time if it were to deſcend to K in the Per- 
pendicular BK, by Arnet. XXVI. 4. And though it goes not 
in the Perpendicular, but is projected from B with an Impetus 
in an horizontal Direction, it will not by that means be ary 
longer arriving to the horizontal Line, but only go in a dit. 
ferent Tract, as is evident from What has been ſaid in Annota- 
tion XXIV. Therefore the Time of its coming to the Ground 


at N will be as / BK, that is, as the Square Root of the 
Altitude of the Spout BK. 

2. Now the Spaces which ſpouting Fluids paſs over in an 
horizontal Direction muſt be conſider d as uniform, becauſe it 
proceeds from a ſingle Impulſe ; for a Particle of Water, aſtet 
it has made its Exit from the Orifice of the Adjutage, is no 
more affected by the Preſſure or Impulſe of the confined Wa 
ter, and conſequently its Velocity in the Direction BC will be 
uniform. But in all uniform Motion the Spaces deſcribed are 


as the Rectangle under the Times and Celerities, or as V AB x 


V BK ; but this Rectangle is alſo as the Line BC. 

3- For let there be drawn AC and CK, *tis evident the 
Triangle ACK is ſimilar to the Triangle B CK, becauſe the 
Angles ACK and CBK are right, and the angle CKB is 
common to both; therefore AC: CK :: BC: BK. In the 
ſame Manner we ſhew the Triangle ACK is ſimilar to the 
Triangle ACB; thereforealſo AC: CK :: AB: BC. Con- 
ſequenily, AB: BC BC: BK; therefore AB B K 
BC*. And ſo BC V ABER = V ABV BE. 

4. Now becauſe the Space the Fluid deſcribes according to 
the Horizon, and the Line BC, are both proportional to the 
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IsHaLL only obſerve farther in regard to 
ſpouting Water, that the Jet will go farther 


ſame Thing, (i. e. to V ABxV BK) therefore they muſt 
alſo be proportional to each other; and ſo the horizontal Diſ- 
tance of: any Jet, as B, will be in Proportion to the Line BC ; 
and the Jet from D will be proportional to the Line DF, and 


lo on. 
5. If now D be taken in the Centre af the Circle A FK, 


the Velocity at D would {as being uniform) carry it through 
twice the Space AD = 2 DF = DP in the horizontal Di- 
rection or Line DP, as is evident from Aunot. XXVI. 7. be- 
cauſe the Particles of a Fluid obſerve the ſame Laws of Mo- 
tian with larger Badies. -Confequently, though the Fluid goes 
not in the Direction or Line DP, it will go to the ſame 
Diſtance from the Perpendicular DK on the Horizon; be- 
cauſe DK = AD, or. the perpendicular Spaces, and conſe- 
quently the Times of the Fall, are equal. Whence, becauſe 
the horizontal Diſtances deſcribed by Jets from D and B are 
as DF and BC, and the horizontal Diſtance of the Jet from 
Dis 2DF=DP= KM, therefore the horizontal Diſtance 
of the Jet from B will be equal to 2BC = KN, 

6. From what has been hitherto ſaid, tis eaſy to obſerve 
that the Motion of a ſpouting Fluid is every way ſimilar to 
that of a projected Solid. The Path of the Fluid is a Para- 
bola, becauſe it is impell'd by two Forces, one horizontal, 
the other of Gravity in the Perpendicular, in the ſame Man- 
ner as was ſhewn of the projected Solid. The Impetus of 
the Jet B, D, H, E, is the Height of the Reſervoir AB, AD, 
AH, AE; the greateſt horizontal Random K M is that from 
the Jet D, directed to the middle Point F of the Semicircle ; 
and any two Jets equally diſtant, as B, H, go to the ſame 
Diſtance K N on the Horizon. If the Adjutage be horizon- 
tal, the Jet will be a Semi-parabola ; if oblique, it will be a 
whole Parabola. All which Particulars were obſerved to be 
the Properties of the Motion of ſolid Projectiles; a Jet of 
ba: being every way the ſame as a Diſcharge of ſmall 

ot. 

7. But to apply this more particularly : Let ABCQL be 
a Fountain and Conduct- Pipe with an Adjutage moveable on 
a Joint, to be ſet in any Poſition ; as perpendicular, as at I; 
- oblique, as at K; or horizontal, as at L. In the firſt Cafe 
a Jet will play upright to D; the Height of which Jet ID is 


1 4 R, 
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R, than through the Adjutage P B inſerted » 
thoſe Holes, and farther ſtill in Proportion 4 
the Adjutage is ſhorter and the Bore larger. On 


the Inpetur, or the Meaſure of the Force of the Machine t 
project the Fluid. If the Aer be placed obliquely, x 
at K, the Jet of Water will be the Parabola KFH; bu i 
horizontally, as at L, it will form the Semi- parabol 
LN. Now in this latter Caſe it will be LM: MN :: MN: 
| 
A = Late Rees of the Parabola LN when con 


LM 


8. But it has been ſhewn, char the Zmperas 1 D, or For: 
by which the Parabola is deſcribed, is equal to one Fourth Par 
of the Lan Ae. . XXXIII. 12.) therefore it wil 

be ID= * : 
always TLM conſequently, 4 L M: MN 
MN : ID. So that if we ſee a Jet of Water at any Time, 


and would know the Height of the Reſervoir whence i: 


comes, we can eafi'y find it by the Proportion above, becau{: 
the three firſt Terms are always given by Meaſurement. 

9. By this means alſo we can eſtimate the Force by which 
any Fluid is projected, where no Reſervoir or Preſſure of 
Fluids is concern d, but the Action of Solids ; as the Force 
by which the Urine is protruded ; the Force of Reſilition iu 
the Blocd ſpouting from Veins and Arteries in Bleeding ; the 


Force by which the Chyle aſcends from the Recepraculum by 


the Thoracic Duct to the Left Subclavian Vein, or by which 
the Blood aſcends from the loweſt Parts of the Body to the 
Heart. In ſhort, nothing in the Animal Oeconomy can be 
well underſtood bug by an Acquaintance with the Hydraulic 


Laus of Fluids: For an Animal Body is the moſt curious and 
_ compounded Hydraulic Machine in Natuie. | 


10. A fi Example of the Uſe of aulics in this Re 
ſpect I ſhall produce — 2 Experiment of 


Dr. Hates in his Hemaſtatics. The Doctor cauſed a Mare to 
de tied down alive, and laid open the Left Crural Artery, 1 
which he inſerted a Braſs Tube, and on that fix'd a Glals 
Tube; and then cuiting the Li on the Artery, the Blood 
- roſe in the Tube in an Inſtant about 4 Feet, and continued to 


riſe till it attain'd 


- 


the Height of 8 Feet and 3 Inches. In a 
| i ' the 


:MN: 


any Time, 
whence it 
e, becauſ: 
ment. 
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ne contr.r7, if a Pipe be inſerted perpendicular- 
into the Bottom of a Veſſel, it will diſcharge 
ſelf ſooner through it, than through the bare 


zelding he tried the ſame Experiment, and the Blood roſe to 
ie Height of 9 Feet 8 Inches : This was in the ſame Artery 
before. In another Mare he fix d a Pipe and Tube into an 
icifion of the Left Jugular Vein, and the Blood roſe to 44 
eet ; and then he fix d it in the Left Carotid Artery, where 
ie Blood roſe to 9 Feet and 6 Inches. In an Artery of a 
oe it roſe to 4 Feet 2 Inches; in a Dog, to 6 Feet 8 Inches; 
1a Sheep, to 6 Feet 53 Inches; he conjectures that it 
ill very probably riſe in a Man to the Height of 7 Feet and 
Inches. 

11. Now to eſtimate the Force with which the Left Ven- 
icle of the Heart (of the firſt Mare) propell'd the Blood, 
ie Doctor found by means of injected Wax, that the Capa- 
ity of the Ventricle was 10 Cubic Inches, and the Surface 
n the Inſide was equal to 26 Square Inches; alſo the Area 
f the greateſt Section of the Ventricle from Apex to Baſe was 
83 Square Inches: Conſequently the whole Preſſure upon 
ie internal Surface of the Ventricle was equal to 25 x 114 
= 2964 Cubic Inches. (See Annet. LV. 10, 11.) Alſo the 
Veight or Preſſure downwards was _ to 6,83 x 114 = 
78,63 Cubic Inches, that is, to the Height multiplied by 
ie Area of the greateſt Section of the Ventricle. 

12. Naw a Cubic Inch of Blood weighs 267,7 Grains; 
herefore 2964 x 267,7 = 113,22 Pounds Averdupois, al- 
wing 7008 Grains to a Pound ; which therefore is the Force 
f Preſſure upon the Surface of the Ventricle when dilated, 
gain, 6,83 x 114 = 29,7 Pounds = the Force of Weight, 
r the Momentum of the Blood which the muſcular Fibres of 
ie Ventricle muſt reſiſt in ſupporting ſuch an Altitude of 
lood, on ſuch an Area of Baſe. 

13. The Velocity of the Blood entering the Aorta is thus 
"mputed: The Ventricle each Syſtole throws out 10 Cubic 
ches of Blood, and the Area of a tranſverſe Section of the 
iria at the Heart is 1,036; therefore 555 = 9.64 Inches 
= the Length of the Cylinder of Blood form'd in paſſing 
rough the Aorta's Orifice at each Syſtole of the Ventricle. 
he Ventricle contracted, or the Pulſe in the Horſe beat 36 


Hole; 


* 
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Hole; and till quicker as the Pipe is longer ad 
larger (LXXVI.) 


times in a Minute, or 2160 times in an Hour ; but 9,64 x 
2160 = 20819,4 Inches, or 1734,9 Feet, would paſs in a 
Hour, if the Time of the Contraction of the Ventricle wer: 
equal to the Time between two Pulſes : But it is but a thin 
Part of that Time; therefore three times 1734,9 Feet, a 
5204,7 Feet, will be the Velocity per Hour, or one Mile neu- 
ly, or 86,7 Feet per Minute. 

14. But this Velocity is abated by the Diviſions and Sb. 
diviſions of the Artery into numberleſs Branches, ſo that in 
the fine Capillaries it muſt be nearly deſtroy'd, did not other 
Powers take place to continue and augment it; ſuch as the 
Re · action of the elaſtic Coats of the Arteries, the Attraction 
of Coheſion, and perhaps an electrical Virtue ariſing fron 
conſtant Attrition, and extended through all the Tubiz 


Compages. 


(LXXVT.) 1. Let AB be a Veſſel fill'd with Water, it 
will run out at the Bottom through a Hole with a Velocity a 
firſt proportional to the Height A C, which will conſtantly de. 
creaſe with the Altitude till the Veſſel be emptied. If 25. 
ther Veſiel N K, equal to the former, has a Tube inſerted: 
the Bottom, as LM, the Water will begin to run out at M 
with a Velocity proportional to IM; the Veſſel NK vil 
therefore be exhauſted ſooner than the Veſſel AB. If au. 
ther Veſſel EH be of an equal Diameter with the Veſſel NI 
or AB, and equal in Length to the Veſſel and its Pipe, de 
Surface of Water in each will begin to deſcend with equal Ve- 
locities ; but that in EH will ſoon become greater than that 
in NK, becauſe of an equal Altitude of the Water, anda 
freer Exit at the Bottom, as having no narrow Tube to te- 
tard it. 

2. The Theory of Water running through a Hole EF n 
the Bottom of a Veſſel ABD is of à curious Conſideration, 
and may be thus explain'd. AB is the Surface of the Water, 
or Diameter of the Orifice of the Veſſel ; and fince the Water 
muſt move from the Surface to the Hole EF, it muſt move n 


the Catara of deſcending Water. Now the Nature of tit 
Curve AME or BNF is thus determined. 

3. The Momentum of moving Water is every where N 
ſame, (Aunor. LXX. 17.) wiz. at AB, MN, or EF; allo 


HR or V HG, (Ani. 
Velocity at MN or EF isas HK or 11 Tur 
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II. Tut ſecond Cauſe of the Riſe or Motion 
of Fluids is the Preſſure of the Air on the Sur- 
ace of that in the Fountain or Reſervoir, Thus 


tim LXXIV.) If now we take MN as an Ordinate to the 
Cuve AME, and put MR = y, and HR = then ſince 
;he Quantity of Water flowing by MN in a given Time js as 
the Area of the Section or Square of its Diameter, wiz. MN*, 
which is as yy, and alſo becauſe the Velocity is as V HR = 


Vx, therefore the Momentum of the Water will be yy x / *. 
And becauſe this is every where the ſame in the moving Ca- 


tarat, the Quantity y* x V x is given or conſtant; and ſo 
Vx =1, and VT ==, whence x = LES which 


J J 
ſhews the Curve AME, is 1 Hyperbol:id of the fourth Or- 
der, whoſe Aſymptotes are X I parallel to the Horizon, and 
[ G perpendicular thereto. 
4. To find the Quantity or 1 of the Cataract we 
proceed thus; let mx be draw infinitely near MN, then will 


Rr, and becauſe x==, we have r 22 — 222 — 


. 7 * 
Rr. The Area of the Circle upon the Diameter M N. 


. 4 4þy 84A 
py», but p39 x =p9 5X — 5 — — 1 Tz 


= 2þ353 == =C = the Cataraft: But becauſe x = 


wa I 

= x "3 ſl = —, conſequently 2 

7 wy therefore x y y 2 equently 2 x þ yy 
2 


=— =Catarat; but 2zx= 2IR, and pyy is the Area 


Jy 
of the Circle MN. Therefore the whole Cataraft from any 
dection to the Aſymptote XX, is equal to a Cylinder whole 
baſe is the SeQjon of the Cataract, and its Length twice the 
Height of the Cataract. 

5. Now tis very evident from what has been ſaid of the 
Nature of the Curve Y AM E, that as ſoon as the Water be- 
Sins to run out at E F, there will be at that Inſtant a Veloci 
n all Parts of the Cataract even in thoſe of the Surface A B. 
For let A S Area of the Circle upon AB, or Orifice of the 
Veſſel, and a= Area of the Hole E F ; V = Velocity of the 
Water in paſſing thro the Hole, and v = the Velocity at the 
duface AB, Then becauſe it is Ap =aV; we have 


if 
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if a Sypyon or Crane be immerſed with th 
ſhorter Leg in Water, and the Air ſuck'd out of 
the Inſtrument, the Fluid will aſcend into the u. 


V: v:: A: a; therefore whatever Proportion a has to A, tie 
ſame Proportion will there be between v and V. So that til 
A becomes infinite, or till A B coincides with X X, there wil 
always be ſome Degree of Velocity in the Surface of the Ma. 
ter. But when A is infinitely greater than a, v will be ink. 
nitely leſs than V, that is nothing at all. | 

6. Since the Aſymptote XIX (or the infinite Surface of the 
Water) is the higheſt Part of the infinite Cataract, and where 
the Velocity commences, it is evident the Velocity will be in 


all Parts below as at AB, EF, as I H and V IG; c. 
ſequently the Velocity of the Water is different from that of 
Bodies falling from the Height of the Fluid, for of ſuch a h. 


dy the Velocity at EF would be as HG, and at AB 
would be nothing. 

7. Let GH = H = the Height of the Water in the Vel. 
ſel, and IH , then wil HT == IG. And ſo 


n As VIG:VIH:vVH+z:v x; or V*; 
: A*: a1 :; HTE :z; whence, by Diviſion of Prop 
tion, we have H: H; VI: V —o* :: A®: wo} 
V* H A* 
conſequently H + z =I G= N. N 
8. According to Sir 1/zac Newtqn Bodies fall in YVacuo at tie 
Rate of 193 + Inches, or 16 4 Feet, the firſt Second, which 
Velocity becoming uniform will carry a Body over twice tic 
Space in one Second, wiz. 32 3 Feet. But uniform Veloc- 
ties are as the Spaces deſcribed by them in the ſame Tine; 
and the laſt acquired Velocities of falling Bodies are as tb: 
Square Roots of the Spaces deſcended through; 
4 HB 


32 5g: Idꝭ er . Ae. When 
3 — 
EL 48 8,02773 V TG, or 8,02773 i 
16 7 
| * 
Feet, or 96, 33276 V — Inches per Second. 


9. When A is very great in reſpect of a, then a* may be 
rejected as inconſiderable; and ſo the Expreſſion will be te- 


cuous 
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-uous Space by the Preſſure of the Air on the 
Water in the Veſſel, and fill the whole Cavity 
of the Tube; and becauſe there is a greater Co- 


the Velocity of the efiuent Water per Second. But (as Sir 
Jaac Newton found, and is eaſy to obſerve) this Velocity is 
not ſo great in paſſing through the Hole in Experiments, as the 
Theory gives it: The Reaſon is, becauſe the Vein of effluent 
Water contracts itſelf, and grows narrower to the Diſtance of 
about a Diameter of the Hole below it; where, by meaſuring, 
dir Jaac found the Diameter of the Vein to that of the Hole 
25 21 to 25; whence the Area of a Section of the Vein there 
will be to the Aga of the Hole as 441 to 625, that is, as 1 
o 2; conſeMntly, the Velocity of the Vein is to the A- 
rea of the Hole as 2 to 1 in that Part, becauſe of equal 
Momenta in both Caſes. X 

10. Hence, if IG = 48 Inches, and the Diameter of the 
Hole 1 Inch; then 48 + 1 = 49 Inches will be the Height 
from the Place where the Velocity is greateſt. Now the na- 
tural Velocities acquired by- Water deſcending freely, from 
the Heights of 48 and 49 Inches, are as 69 to 70, and there- 
fore nearly equal: Conſequently, the great Inequality of 1 to 
V 2, or the Diminution of the Velocity in the Hole, muſt 
be.owing to the Retardation occaſion'd by the lateral Water 
reſiſting in ſome meaſure its perpendicular Deſcent. 

11, Hence the Velocity of the Water in the Hole is very 
nearly equal to that which would be acquired in deſcending 
through 3 TG ; becauſe the Velocity acquired by deſcendin 
trough 3 IG is to that acquired by deſcending through 1 
%1t0Y 2, Whence the Velocity in the Hole is to be di- 
miniſhed in the Ratio of 1 to V 2 == 1,414. Thus, as 
1,414: 12: $,02773: 5,6773; and as 1,414: 1:: 96,33276: 
68,1278; ſo chat the true Velocity of the Water in the Hole 
is 5,6773 V Feet, or 68,1278 H Inches per Second. 

12. We obtain an Expreſſion of the Velocity alſo in other 
Terms, thus: The Quantity (Q) of Water diſcharged is greater 
in proportion to the Area of the Hole (a), the Velocity (V), 
and the Time (T) which it ſpends. Therefore Q= TV az 


and ſo V= = 68,1278 H; and conſequently Q 


68,1278 Ta Vfl. Or, becauſe a 2, 785 398 4d, there» 
fore Q 33, 05476 4% VH Cubic Inches of Won 
| umn 
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lumn or Body of Water in the longeſt Leg, i wil 
will preponderate and deſcend through it; ad to t 


And becauſe a Cubic Inch of Water weighs 2534 Grains, 
the Weight of the Water diſcharged will be W = 


13555, 3244 TH. 

13. Suppoſe a Veſſel ro Inches ſquare, 4 Feet or 13 rel 
Inches high, and having an Hole at the Bottom 1 Inch ſquare. the 
Then will A = 1av,a=1, and H= 48; alſo A* = 10000 h 
2 | A* 10000 . en 
a i, and fo ————— ——— = 1,0001, which may the 


A* —a* 7 9999 1 
be rejected as inconſiderable. Wherefore 68, 1278 H= 
472 Inches (fere) the Velocity of the iff Water per de. 
cond. Q = 100 x 48 = 4800 Cubic Inches : Whence 


£2= = T = 10 Seconds, the Time in which fu 


472 
Veſſel would di a Bulk of Water equal to its own Bulk, 
If kept continually full all the while. 

14. Now becauſe, when a is given, Q TV; and when 
Qis given, TV = 1, and T and VSF itisplin 
all theſe Caſes are the ſame with thoſe of Bodies moving mi. 
formly, as in Aunot. XXII. And ſince Vis a given Quant 
ty when it increaſes or decreaſes in a given Ratio, theretor: 
the above Theorems will be equally adapted to the uniforn- 
ly accelerated and retarded Motion of Bodies, whether folic 
or fluid. From whence we can eſtimate the Time in which 
the abovemention'd Veſſel full of Water will be diſcharged 
by its own Gravity only. 
15. Thus tis evident, that Column of Water that ftands 
over the Hole will deſcend alone through it in 4 a Second, 
becauſe Bodies fall at the Rate of 4 Feet in 4 a Second, and 
that is the Height of the Column. If the Veſſel contains any 
Nuniber of equal Columns beſides, the Time of their Ev 
cuation will be proportional; that is, Q will always be as I, 
becauſe V in all Caſes (uniformly decreaſing with the (+ H) 
Square Roots of the Altitudes) is a given Quantity ; and be- 
cauſe there are 100 ſuch Columns in the Veſſel, it will re. 
quire 100 Half-Seconds, or 50 Seconds, for the Time of the 

iſcharge. This would be the Time, were the Water to ſet 
out with the Velocity of the Deſcent from the Height of 4 
Feet: But fince the initial Velocity is leſs than that in the 
Proportion of 1 to V 2, (. 9.) and 2 1 


— — oa 
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will keep flowing out, till the Veſſel is exhauſted 
do the Orifice of the ſhorter Leg (LXXVII.) 
Taz Effect of the Common Puur is from 
the ſame Principle: For the Bucket or Sucker, 
raifing a Column of Water above it in the Bar- 
rel, makes a vacuous Space, or greatly attenuates 
the Air in the Barrel and Pipe below it ; whence 
the Water muſt neceſſarily riſe in the Pipe, by 
the ſuperior Preſſure of the Air on the Surface 
of that in the Well. The Water aſcending in 
the Pipe, paſſes through the Valve in the Bot- 
tom of the Barrel, which ſhutting upon the De- 
preſſion of the Sucker, the Water is thereby 
forced through the Valve of the Sucker into the 


inverſely as the Velocities when Q_or the Quantity of Water 
is given, (Art. 14.) therefore as 1: 2 = 1,414 :: 50%: 
70% = the true Time of the Diſcharge. 


#(LXXVII) 1. It has been already ſhewn, that when a Sy- 
#bon is firſt fill'd with, and then immerſed in Water, it is the 
Preſſure of the Air that cauſes it to continue full, and that it 
runs out of the longer by the Preponderancy of Wa- 
ter in that Leg. (Annort. LXXII.] I ſhall only add here, that 
when the Air is drawn out by the Mouth-Piece, the Preſſure 
of the Air on the Surface of Water in the Veſſel cauſes it to 
riſe into and fill the Syphon ; to evince which, we need only 
ta Syphon, while working, under the Receiver of an Air- 
ump; for upon exhauſting all the Air, the Syphon will ceaſe 
running. 
2. Or if the Syphon be equicrural, or has both the Legs 
of an equal Length, the Water will not run through it, be- 
cauſe the Force of Water againſt the Air at each Orifice is 
equal. The ſame Thing will be effected with a Syphon of 
unequal Legs, though the ſhorter Leg be immerſed in Water, 
if the Jan be ſo inclined that the Orifice of both Legs be 
on the ſame horizontal Level. I need not after this give the 
Reaſon why the Water will not run out of the ſhorter Leg, 
if the longeſt be placed in the Water. 
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Ciſtern of the Pump, and diſcharged through 
the Spout. All which is clearly ſhewn by the 
Model of a Pump in Glaſs (LXXVIII.) 


(LXXVI 1. I ſhall here give the Theory of Pang. 
Work, and the Structure of ſuch Pumps as are found to be 
moſt uſeful for the various Parpoſes of Life. The Theory 
depends in a great meaſure upon thoſe Properties of the in. 
verted Syphon, or Fountain, deſcribed in Annot. LXXIII. 
Art. 11, 12, 13, 14. Let ABCDEFG repreſent the in- 
verted Syphon there deſcribed : Only here the Part ABCD 
repreſents a Column of Air, and DG the lower Part of the 
Pipe of a Pump immerſed in the Water of the Well HI. 
Let P be the Piſton of the Pump at E in its loweſt Situation, 
and at F in its higheſt. Now as both theſe Parts communicate 
with the Water, one by preſſing on it, the other by opening 
into it, they may be look'd upon as communicating with one 
another. @ 

2. Now ABC, the Column of Air, would by its Weight 
or Preſſure force up a Column of Water into the Pipe DG to 
the Height of 33 Feet, were the Air exhauſted from the (aid 
Pipe,. and continued to that Height ; (the Weight of a Co- 
lumn of Air being equal to the Weight of ſuch a Column of 
Water of the ſame Baſe, as will be ſhewn hereafter.) If now 
the. Piſton P be thus thruſt down to E, meeting the Water 
there, and from thence it be raiſed to F with an uniform Mo- 
tion, the Water will riſe from E to follow the Piſton with a 
variable Velocity; the leaſt of which is as V A C— DE, 
and the greateſt aa AC - DES VA B, (by Azntation 
XXIV. 12.) F 

3. If in lifting up the Piſton the Velocity of Water be leſs 


" than that of the Piſton, it will not be able to follow it, but 


will leave a void Space between them, which will increaſe 
more and more as the Velocity of Water becomes lefs than 
that of the Piſton, The Conſequence of this will be, that 
a Part of the Stroke of the Piſton will be loſt ; and not only 
that, but the Piſton, when'the Water leaves it, will riſe very 


haxd, as having a Weight of Water upon it, and the Air of 


greater Denſity above than below ; whence the Equilibrium, 
which ought to be in Pumps, is deſtroy'd, and the Balance 
= the Workman. Now as this can happen where the 

iameter of the Sucking-Pipe is equal to that of the Pump- 


Barrel, muck ſeoner wilf it happen when the Pipe is leſs than 
the Barrel, becauſe the Water rifing through a lels Paſſage will 
4 THE 
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be longer in filling the Pump-Barrel, and therefore quit the 
Piſton, and leave the greater void Space between. 

4. On the contrary; if the leaſt Velocity of Water riſing 
in the Pipe be greater than that of the Piſton, there will be no 
void Space; and the Pump-Barrel may be made in proportion 
as much wider than the Pipe as the Velocity of Water is grea- 
ter than that of the Piſton. Now that this may be the Caſe, _ 
we ſhall ſhew by — mer args Pl. XX. 
Pipe ought to have compared wi elocity of the Water Fig. 5. 
* Let A repreſent the leaſt Altitude of the Atmo- 11 
ſphere A C = 31 Feet of Water; B= DF the higheſt E- 
levation of the Piſton above the Surface of the Water H I, 
which let be 16 Feet. And let the greateſt Velocity of the 
Piſton' which can well be given to a Pump be that of four Feet 
in a Second = v ;,and V = the leaſt Velocity of Water that 
riſes in the Fipe ; D == the Diameter of the Barrel; and 4 
Diameter of the Pipe. | 

5. Now here we have V A—vB = Y = the leaf 
Velocity of Water ; and the Fall which, will produce that Ve- 
locity is the Square of that Expreſſion, wiz. A +B— 20 AB; 
that is, 41 ＋ 16 — 2 31x16 ==2 Feet6 Inches, the Height 
of the Pall required. Whereas by the common Way of tak- 
ing the Square of A — B, wiz. A— B for the Height, we 
have 15 for the Fall, which extraordigaty Error muſt be of ve- 
ty bad Conſequence in Practice: yoke 

6. Here the Velocity A- VPN Ji—v 6 = 
5,6 — 42 1,6 per Second. The Velocity of the Water at 
the Bottom of the Pipe D is as V A= 5,6; that alſo muſt be 
the Velocity of the Piſton at D, that the Water may follow it; 
whence the Piſton moving with the ſame Velocity at F, where 
the Velocity is but 1,6, we have 5,6 — 1,6'= 4 Feet of void 
Space, therefore 4 Parts in 5,6 of ſuch a Stroke would be loſt 
or ineffectual. We may here obſerve by the Way, that ſince 
the Velocity of the Water at D is 5,6, and the Velo- 
du which can be given to the Piſton (without damaging the 
Machinery) is but 4 ; therefore a Piſton working at the lower 
End of the Pipe or Barrel will always have Water more than 
enough to revent guy void Space or Loſs of Labour. 

7+ But fince we find fo great a Void in the Pipe at F of the 
dun Didnieter with the Piſton, tis evidee if we concratt alk 
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gine, from the great Improvements which Mr 


Newſhem made in it: the Nature and Effect of 


the Part below F into a ſmall Pipe as F D, and let the Part FG 
remain as it was for the Barrel for the Piſton to play in, as at 
FG, that then the Water will riſe into the Barrel FG witha 


greater Velocity than before, in proportion as the Pipe is leſs ; 


y if the Bore of the Pipe F I) be to that of the Bar- 
rel FG, as the Velacity of the Piften P, or the Water in the 
Barrel, is to the Velocity of the Water in the Pipe, there will al- 
ways be a Sufficiency of Water to prevent a Vacuum in the Bar- 
rel. Which Rule in Symbols is thus expreſs'd ; DO D: 4 
V: whence DD = V for a general — 
theed.of which Quimeties deing give the fourth may de 

8. Thus, for Example, ſuppoſe D, &, and V were given to 


find d, weave 4m . Le the Diameter of the 


Barrel D = 6 Inches, And ſuppoſe the Piſton gi 
in a Minute, each a two Foot Stroke, ſpending 6s wack Time 


in its Aſcent as Deſcent, then will the Motion of the Piſton be 
8o Feet per Minute, or 14 Second; whence v= 1g. 


Lal , to obtain the Value of | wemuſt fix on te 
Y ry 


of the Pipe FD, which let be 16 Feet, —— / 5" 4 
vation of the Piſton will be 18 Feet (if it comes to the Bottom 
of the Barrel, as it ought to do ;) wherefore an Height of Water 
of 18 n GD acts againſt the Weight or Height 
31 i Feet in the Leg A. Now the clock V of the Water 
the Pipe F D being uniform, or conſtantly the fame, we 
muſt find what Difference of uniform Velocities will be gene- 


rated by Falls from 31 and 18 Feet Heights. Thus 163: 322 
CF e e 2: 182 324; whence 


theſe uniform Ve ocities will be 43 — 32 
Se = 10% 
Wherefore PLE = = x . Taches for the Diameter of 
the Ping FD. 

12. Reſon why we make no Uſe ofthe Exp 


Difference of the inſtantaneous Velocities, or the leaſt 


city with which the Water at F can its Motion upwards, 
whereas we here want to find wha the conftant and uniform 
Motion of the Water will be, or You much it will fuppy 
every Second uniformly, which is done by the Method bor; 


4/AC— V DF in this Caſe, is becauſe this A 


20 Strokes 
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which will be eaſily underſtood from a perpendi- | F 
cular Section of a Model, with ſome Variation I 


For ſince a Fall of 16 4 gives an uniform Velocity of 32 Feet 
per Second, a Fall of 31-Feet will give 43 ; thus a Fall of 18 15 
Nac ges 32 . thele Dilbronca muſt he that of the | 
Water at F. | | 
18, If we know the Velocity of the Piſton v, the Diame- | 
ne of hd Binds pO ITO I 1 
1 4 


hall fnd the Velocity of the Water in the Pipe V = 753 =» 1 
or thus in Words, Multiply the Square of the Diameter of the 1 


Barrel by the Velocity of the Pifon; divide the Product by the 
Sguare of the Diameter of the Pipe, the Quotient will be the Ve- | | 
ley forget — the Water in the Pipe. This Velocity when 4 
found muſt be taken from 43, the Remainder 43 — * will | 4 
be the uniform Velocity produced by a Fall from the higheſt * Bs 
Situation of the Piſton to the loweſt Surface of the Water in 4 
the-Well, and which is ſound by ſaying, 3s 32: 163 - 


43—V: V DF; whence DF the bigheſt Elevation. of the | [ 
Piſton will be known. | 
19. When we know D, V, and 4, we find v the Velocity ' 


of the Piſton by this Theorem BB = that is; in Words; 


Multiply the Square of the Diameter of the Pipe by the Veletity e 

the Water in it, and divide the Produdt by the Square of the Na. 

nter 4 the Barrel, the Quotient is the Velocity of the Piſlon re- 

quired. | K g 
20. Having given the Velocity of the Water in the Pi ä | 

V, the Diameter of the-Pi . e Sg 

to ind the Diameter of the Barrel D, we have this Theorem 

V | 


D = that is, Multiply the Squart of the Diametit 1 


we by the Fledity af ts Water, 2 divide char Produt = | 
the F elocity of the Pin; the Sq Quagient is | 
the Diameter of the Ae. * 1 | 
| 21, If a Piſton works in a Barrel or Pipe A D of the ſame Pl. XX, 
| Diameter from Top to Bottom; then we can find the Height Fig. 6. | 
1 to which the Water will tiſe at every Stroke of the Piſton play- | 
gat any Diſtance above the Surface of the Water BD. | 4 
| let E be the loweſt Part to which the Piſton comes, and let {1 
ED= 12 Feet Diſtance: from the Water, and ſuppoſe its | 
of Stroke EF = 4 Feet. Then when the Piſton is | | 
| SER” =: which | 


1 

ö 
4 
1 
1 
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which J have made in the Structure thereof, The | 
Motion of the Water in this Engine is effected 


at E, the lower Part of the Pipe E is fill'd with Air of the 
ſame Denſity or Spring with the common Air, which call $; 
when the Piſton is rais'd from E to F, ſo that FD= 16, two 
Effects will follow; one is, the Air will now expand itſelf in 
to a larger Space beneath the Piſton, and have its Spring wea. 
ken'd ; the other is, -that fince the Spring of the Air in the 
Pipe is lefſen'd it will preſs leſs on the Surface of the Water 
in the Pipe than the external Air preſſes on that without, the 
Water wilt rife ſo far into the Pipe; till its Weight, together 
with the diminiſh'd Spring of the Air be equal to the Preſlur 
of the external Air. | 

22. Suppoſe the Water riſes to c; call its Height CD=z; 
then the Space into which the Air is expanded will be FC = 
16—x. Let its Spring thus diminiſh'd. be call'd :; then the 
Spring of the Air being inverſely as the Spaces . 

12 


up, we have 8: 7 :: 16 —- : 123 therefore S 


The Weight of a Column of Water 32 Feet high is equal ® 
the Preſſure of the Acmoſphere, that is, equal to 8; whence 


32: 8 K 3 Weight of the Water x. But thi 
added tothe weaken'd Spring of the Air is equal to S; that, 


12S , Sx beth 12 * 
DD = 93.00, dividiagby 6, wehave 


Pl. XIX. =1; or 384 + 16x—x* =512— 32x; or x* — 48x= 

Fig.s. — 128, and by adding on each- Side the Square of 24 fo 

compleat the Square) we have x*— 48x + 576= 576- 

128 = 448, and extracting the Root, x— 24==='v 44 

= == 21,166. Wherefore x = 2,834 = DC, the Heigit 

. 23. This Height taken frm 18 = ED. we EC- 
, 9,166, and calling the whole Height to which the Water vi 


| — — 
this ſecond x determin d by the Equation — 
inveſti and reſolved as before. Fon fince the Water CD 
cannot recede (by reaſon of a Valve below): when the Piſton # 
ſecond Time comes to E, the Valve in the Piſton will 12 
pen'd, and the Part EC again r 
whence 8: u 16— x: 9,166, c. as before. 7 
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by the Preſſure of the Atmoſphere, by the Force of 
Piſtons, and by the Spring of condenſed Air, in the 


quation reſolved gives x = 5,098, from which taking the 
firſt x = 2,834, — remains 2, 264, for the Height it riſes 
the ſecond Stroke. In the ſame Manner we calculate that the 
Water riſes 
Firſt Stroke 2,834 —— 2,834 
Second —— 2,264 — 5,098 
Third —— 2,025 — 7,123 
Fourth — 2,043 — 9,166 
Fifth —— 2,413 — 11,579 
Sixth — 3,020 —— 15,199 
24. But to fave the Trouble of a Calculation every Time 
we would find x for the various Heights of the Piſton, let us 
raiſe a general Theorem for all Caſes; thus let a = the 
greateſt Elevation of the Piſton, þ leaſt, a — 5 = p = the 
Length of the Stroke, and + = Height of a Column of Wa- 


ter equal tothe Weight of the Atmoſphere z then the forego- _ 


ing Theorem will become —— f. 1, and fo ax — 


* TH =nahb—xb; orax + hx—xx=ahb —bb= 
9b; putti 2. 
changing the Signs we have x x — 25x = — 5; and com- 
tag the — 8 25x +533 = 5; and ſo 


=5, we have 25x —axx=þpb; and 


rz=1= == V7 z, and finally = 14 —pb 


Fo 
25. Now this general Theorem finds not only x, but wr” 4 
of the other Quantities, having the reſt given. Thus ſuppo 
the higheſt Elevation of the Piſton be 16 Feet a, = 32 3 
and I would raiſe the Water the firſt Stroke 10 Feet: Quzre 


? the Length of the Stroke? Here x = 10, and 5 == * 
= 24; then above we had 25x — xx b, whence p = 


—J——= 11,9, or near 12 Feet for the Length-of the 
Stroke required. #645. 

26. Since after every Stroke or Aſcent of the Piſton, the 
Air in the Barrel is in a dilated State ; and ſince when the Pi- 
[ton deſcends the Water by. its Tendency downwards carries 
down the Valve at D, and by this Means cuts off the Com- 
mynication of the Air at D, and ſupports the Column of rais'd 


U 3 following 
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raiſed, a Vacuum would be made in the Barrel 


Water, tis plain the Valve in the Bucket of the Piſton will 
be affected on its upper Part by the Weight or Spring of the 
common Air, and on the under Side by the Spri of the d. 
lated Air only ; and therefore upon the Deſcent of the Piſton 
the Valve of the Bucket will not riſe but compreſs the inter- 
nal dilated Air into a Space gradually leſs till its Spring by that 


Means comes to be equal to that of the external Air, and then 
as the Piſton deſcends it will ſuffer no farther Compreſſion, but 
force up the Valve, and make its Eſcape. 

27. Thus for Example, by the firſt Stroke (in At. 23.) 
the Water roſe 2,834, which ſubſtracted from 16, leaves 
13,166 for the Space into which 12 Feet of Air was dilated. 
Now its Spring being weaker than that of the external Air, 
upon the Deſcent of the Piſton, it will be compreſs d into the 
former Space of 12 Feet before it can recover its former 
Spring, the Piſton will then have deſcended through 1,166; 
and fince the Stroke is 4 Feet, and the Air will now be no 
farther compreſs'd, therefore 4 — 1,166 = 2,834 will be 
the Quantity of Air which will make its Eſcape through the 
Valve of the Piſton ; which in this Caſe is equal to the Co- 
lamn of Water raiſed. rat as BY 

28. The Piſton being nqw again at E, upon its Aſcent, it 
will permit the Column of Air E C = 9,166 to expand itſelf 
into a Space = 16 — 5,093 = 10,902 z and upon deſcend- 
ing it will compreſs the Air again into 9, 166 Feet, before it 
can eſcape. 'T'o do this the Piſton muſt deſcend through the 
| = 1,736; and therefore 4 — 1,736 = 2:264 is the 

vantity of Air that will be exhauſted the 2d Stroke; and the 


Column of remaining Air E C will now be 9, 166 — 2,264 = 


6,902 Feet. And in this Manner are the Numbers foond for 


. every following Stroke. 


29. Hence tis eaſy to obſerve, that whenever the Space 
thro' which the Piſton muſt paſs in its Deſcent to reduce the 
82 by Compreſſion, to a Denſity or Spring equal to 
the external Air; I ſay, when this Space happens to be greater 
than the Length of the Stroke, the e can no Water riſe in the 
Pump; becauſe in that Caſe, the Air will be no farther able to 
make its Eſcape thro' the Valve of the Sucker, by reaſon of 


. the greater Preſſure of the external Air upon it. 


20. When this is the Caſe of a Pum „let æ be the greateſt 
Height to which the Water can be rail 8 
2 * 8 IV 
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TV, did not the Water follow it from the in- 
ferior Canal E M (through the Valve H) which 


eſt Elevation of the Piſton is a, the loweſt h, the Height of 
the Atmoſphere 4, and a — 6 = the Stroke of the Piſton, 
as before. Then when the Piſton is down, the Space in which 
the Air is contain d is 6—x; and when up, it is expanded 
into z is Preſſure i then @ = Part of what it was 
before, that is of the Atmoſphere ; the Weight of the Water 


being the other Part, vx. 7 3 andboth together being equal 


tothe Amoſphare, wo have + = 1 ; therefore þ þ — 


— . 

bz Ta- αν -e; or, ax—x* =ah—bb=þh, 
And changing the Signs, x* — ax = —p+; and compleat- 
ing the Square, x* —ax+ jJaa={4aa—ph; wherefore 
x—1a=V Laa—ph; therefore x===v jaa—ph+ 
1 4. ? 
* 31, Hence if the Stroke of the Piſton and its Height a. 
bove the Water be given, we know the greateſt Height to 
which the Water can riſe, and conſequently, if ſuch a Pump 
can be effectual. For Example, let a= 28, 6= 25; then 
z, and put h = 32; then x = == 10+ 14; that is, the 
pr Height to which the Water can riſe = 14 — 10 =4 

cet; for the other Root, 14 + 10 = 24, is impoſlible, be. 
cauſe all Heights between 4 and 24 will be too great. 

32. Again, ſuppoſe a= 24, g= 20; then, p= 4, and 
z; x= = 4+ 12, that is, x=12 —4= 8 Feet, 
the greateſt Height, If q= 20, b= 16, p=4; then we 
ſhall have x = = / Laa—ph+ia=Vv 100128 + 
10=4 — 28 þ 10. Now the ſquare Root of a negative 
Quantity being impoſſible, ſhews the Caſe in Queſtion has no 
Place in Nature, or that here is no Space between x, and the 
loweſt Situation of the Piſton, Nor can there ever be any 
when ph is greater then 4 aa, the Water riſing to the Piſton 
in all thoſe Caſes. When 4 aa=p b, then V a- o; 
and x=3 @; and in this Caſe, 2er Thus if 
a=16, 42 8, =x, the greateſt Height the Water will 


riſe to, ad == 2 Feet, the Length of 


32 - 
Stroke, * riſes 


* 
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riſes through the Glaſs Tube EF immerſed in 
the Water of a Veſſel by the Preſſure of the At. 


33. From this Theorem we learn this general Rule con- 
cerning Pumps, That no Pump can = Water, but when the 
Length of the Stroke of the Piſton exceeds the Square of the highef 
Elevation of the Piſton dividid by 128. Thus if that Eleva- 
tion be 16 Feet, the Square of that is 256, which divided by 
128, quotes 2 ; therefore the leaſt Stroke of the Piſton mult 
be greater than 2 Feet. If the Elevation be 20 Feet, then 
400 


20 x 20 = 400, and ——= 3,13, which ſhews the Eleva- 


128 

tion of the Piſton muſt be in that Caſe greater than 3,13 
Feet. If the Elevation be 12 Feet, then 12 x 12= 144, 
and 4 = 1,12, which is leſs then the leaſt Lengrh of the 
Stroke of the Piſton. And theſe Things, I think, finiſh the 
Theory of Pumps. 
34. T ſhall now proceed to the Deſcription of two or three 
molt uſeful Pumps, but firſt give an Account of that Sort of 
Valves which I find are exceeding good, and ought to be uſed 
in Pumps and all Kinds of Water Engines where Valves are 
neceſſary. Let ABCD be the Bucket of a Piſton, or any 
other Part where a Valve is required ; in the Middle there is 
2 circular but tapering Hole from Top to Bottom, in which 
is fitted the tapering or conical Piece EF GH, with a Piece 
IK to, be ſcrew'd in and out of the bottom Part HI. Its 
to be ſcrew'd out, when the ſaid Solid EG is put into its 
Place or Hole in AC; and afterwards ſcrew'd in, when the 
Whole together appears as in the Figure LMNO. The 
Piece EG now becomes a Valve, or capable of 
the Water to aſcend, and to prevent its Deſcent. 

35. That the Water puſhing againſt the Bottom of the 


Valve will raiſe it upwards, is evident from the conical Pom 


thereof, and its lying in the Hole only by its own Weight; 
the Length of the Key at K being ſcfficient to permit ſuch 2 
Riſe of the Valve, as will admit a Space between it and the 
Hole for the Water to pals as freely as required: And, that 
the Valve may not be thrown quite out of the Hole, the 
eroſs Piece I is added, of a greater Length than the Diame- 
ter of the loweſt Part of the Valve. | | 

36. If the Valve EG and its Socket AC be of Braſs, and 
ſtted, by grinding them with Emery firſt and Putty afterwards, 
with a Drill-Bow into each other, they will not only be Water: 


moſphere 
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mofphere on the Surface thereof. The Water 
of the Barrel T V, by the Depreſſion of the Pi- 


tight, but even Air-tight ; and that too if but lightly touch'd 
with fine Emery or Putty ; for if they are ground to a Poliſh, 
he Attraction of Coheſion will take place, and prevent the 
Valve from riſing ſo freely as it ought to do ; yea, ſometimes 
thoſe Surfaces have been found to cohere ſo ſtrongly, that the 
Force of the riſing Water could got overcome it: Bu: all this 
will be prevented, and every thing ſucceed to one's Wiſh, 
if they are made as above direfted, as I have learnt by long 


Experience and trying every Way. 
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37. The Common SucxinG Pune (as it is call'd) is ſo Pl. XX. 
far deſcribed in thg Theory, that ſcarce any thing more can Fig. 8. 


be ſaid to explain it. However, I have given the Figure of 
ſuch a Pump, in which A is the Ciſtern, AB the Barrel or 
Pipe ſtanding in the Water EF, the Piſton G D with its Bucket 
and Valve D, and the Valve C open for the Aſcent of the 
Water through it. 

38. A Foxcinc Pump of the common Sort is thus con- 


ſtructed: AB is the Barrel ſtanding in the Water of the Well 


or Mine at B; GC is the Piſton ; and C a ſolid Piece with- 
out any Hole or Valve, becauſe no Water is to paſs through 
it, as in the other. This Piece ſhould be well leather'd, to 
it the Barrel very nicely, that in its Motion neither Air nor 
Water ſhou'd paſs between. At a diſtance below, a Valve 
with its Diaphragm is fix'd in the Barrel, as at D. Between 
this and the loweſt Situation of the Piſton C there goes off a 
Pipe at H, in which there is fix d a Diaphragm and Valve, as 
at E. Now the Piſton being drawn up from C towards A, 
attenuates the Air above D, by which means the Water ruſhes 
into the Space C D; then when the Piſton is forced down, as 
the Water cannot repaſs at D, it is forced to aſcend — 
Pipe at H, and through its Valve E into the Ciſtern F, (w 


may be ſituated at any Diſtance above the Pump) from whence 


the Water will run off by the Spout. N 
29. A We Puur is à Forcing Pump of another 
Form or Structure. AB is a Barrel fix'd in a Frame IK LM, 


Fig- 9. 


which alſo is fix'd immoveable, with the lower Part in the Fig. 10. 


Water to be exhauſted. GEQHO is a Frame with two 


ſtrong Iron Rods, moveable throagh Holes in the upper and 


lower Parts of the Pump I K and LM; in the Bottom of this 
Frame QH is fix'd an inverted Piſton BD, with its Bucket 
ad Valve upon the Top at D. Upon thę Top of the Bartel 


' ſton 


—— — — — ——_— 


298 HV DRAUL TCS. 
ſton R is forced through the ſuperior Canal ON, 
to enter by the Valve I into the Air- Veſſel 4064 


an 


there goes off a Part ER, either fix'd to the Barrel, or more 
able by a Ball and Socket, (as here repreſented at F) but in 
either Caſe ſo very nice and tight, that no Water or Air a 
poſſibly get into the Barrel, which would ſpoil the Effect of 
the Pump. In this Part, at C, is fix d a Valve opening up- 
wards. Now when the Piſton - Frame is thruſt down into the 
Water, the Piſton D deſcends, and the Water below will uk 
up through the Valve D, and get above the Piſton ; where, 
n the Frame's being lifted up, the Piſton will force the 
ater through the Valve C up into the Ciſtern P, there to 
run off by the Spout. Note, this Sort of Pump is ſet ſo far 
: 3 may play below the Surſace 
i | 
40. The Mzxcuriar Pur, or that which works by 
ickfilver, is the next which I ſhall deſcribe. It was the 
Invention of Mr. Joh Haſkins, and brought to its preſent 
Perfection by Dr. Deſagaiiers, together with his Workman 
© Mr. Wilkam Freem. As this is one of the moſt curious of 
3 modern Inventions, I ſhall be a little the more prolix in is 
| Deſcription ; which I ſhall give from a Model that [ hare 
| made to explain the Nature and Manner of working in thy 
Pump to thoſe who attend my Lectures in Philoſophy, This 
. r 
e in 8 | 

Pl. XXI. 41. AB is a Cm placed on the Top of a Braſs Tube 
POQR, open at each End PR and OO. Towards the up. 
Pert of the Tube at F is inſerted (or ſolder d) a curve 
pe FG, ing into the Tube at F; and in the End Gu 
ceraented a Tube GH, fix'd below in an hollow Box 
LK, full of Holes for the Admifion of Water, into which i 
5 MNST is an exterior Tube, open at the Top 
MT, and cloſe at the Bottom NS; in which Bottom is firm- 
ly fix'd another hollow Tube VXXW, del angs Top 
This inner Tube may be a folid Piece of Wodd, as in m 
Model it is. This inner Tube or Cylinder of Wood goes up n. 

to the Tube QOPR, at the ſame Time that this is in 
by the exterior Tube MNS T, as is ſeen in the Figure. In, 
the lower Part of the Pipe at E is a Diaphragm, and a Valve], 
opening for the Aſcent of Water when a Fan 

made. At CD in the main Tube, above the Inſertions 
the Pipe, is another ns a SR 
| an 


— 
— Wee. —E — — 
r 
2 ka ad Lad 


ne ˖‚ ͤ am 6&0 -., 2030. 16am Wwhs$t 2 2 


„ 2 — 4a -- — e << 


HyDRAULICS, 
and the like being done alternately by the other 


Barrel W X, and ity Piſton S, the Air-Veſſel is 


wards alſo to giye Paſſage for the Water in the forcing Fart 


the Stroke. 
* The conſtituent Parts of the Pump being thus deſcrib'd, 
we are next to view the peculiar Manner of working by Qaici- 
Aver, which for that Purpoſe is pour'd into the exterior Tube 
MS, which, when applied to the Pump in its Place, will be 


made to riſe in two cylindric Shells ; one about the Tube of 


the Pump outwardly ; the other within, about the innermoſt 
Tube or Plug X Q. as repreſented in the Figure at a,b, and 
, . At the Bottom there is but one cylindric Shell, becauſe 
the middle Tube does not reach the Bottom, leaving the 
Space VOWQ. | 

43. From this Account 'tis eaſy to obſerve, that the Part 
COQD anſwers to the Barrel of the Common Pump, FGH 
to the Pipe, the inner Tube X Q to the Piſton, and the Quick- 
ſilver at Bottom to the Leathers of the common Piſton ; for 
it prevents all Communication of the external Air and internal 


Part of the Barrel, where the Vacuum is to be made, Whence 


tis evident, that upon letting down the outer Tube MS, it 
carries down the inner Tube X Q at the ſame Time, and 


makes a larger Space in the Barrel and Pipe, in which the 


Air will be expanded or become rarer, and its Spring the 
weaken'd. In conſequence of this, the Water will ri e throu 

the Valve at I into the Pipe, and alſo the Mercury will riſe 
in the inner Shell by the Preſſure of the Air on the outer Shell, 
till the Equilibrium be reſtored : And the Height of the Wa- 
ter raiſed will be nearly 14 times as great as that of the Mer- 


cury. 

44. When the Tube $M is raiſed again, the Air will be 
compreſs'd within the Barrel ; and, its Spring i it 
will act upon the Water, the Mercury of the inner Shell, 
and the Valve E; the Water above the Valve I it cannot move, 
becauſe of the Valve being ſhut below ; its whole Force is 
therefore ſpent on the Mercury, and Valve E ; it will a& on 
the inner Shell of Mercury, and drive it down to the Level 
of that in the outer Shell, as at a ö, cd; and then the Preſ- 
ſure will be every where equal, ix. on the inner and outer 
Shell, and on the Valve E; as the Tube after this continues 
moving up, the Air will be farther compreſs d, and its Springs 


made greater than that of the outward Air, which therefore 


& will overcome, and ſo thruſt up the Valve E, till ſo much 
by 
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middle one 13 of an Inch, and of the inner one, yos Of 
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by this means continually filling with Water, 
which greatly compreſſes the Air above the Su- 


has eſcaped as leaves the Remainder of an equal Tenour, or 
in Equilibrio with the Atmoſphere. The two Shells of Mer. 
cury will be upon a Level all the while the Air is going thro' 
the Valve, becauſe the Preſſure is not greater within than 
without. 

45. By repeating the Operation a ſecond Time, the Air 
will be farther rarifed, and the Water will again riſe in the 
Pipe; and thus on till the Pipe and Barrel be full as in the 
common Pump; and hence 'tis evident all thoſe Theorems 
raiſed in the preceding Articles, are equally applicable here 
as there. This P made at large for Ufe, ſhould have 
the following Dimenſions: 'The Length of the outer Tube 
MN = 3o Inches; of the inner Tube X O = 31 Inches; 
the Diameter of the inner Tube X V or QO=6 Inches; 
the Thickneſs of the outer Tube = of an Inch, of the 


an Inch, and the Bottom of the Tube Z O to come within 
an Inch of the Bottom NS of the outer Tube. 

46. Theſe Dimenſions afford ſufficient Strength if the 
Tubes or Barrels are made of Copper, or caſt Iron, and of 
ſuch a Diameter, that the Diſtance between each may be 
the Tenth of an Inch; and th's ſhould be nicely effected by 
having the Tubes truly turn'd in a Lathe. A tranſverſe Se- 
ction of a Part of the Circumſerence 4 _ rom Gor 
Thickneſſes, and 8 between, you ſee repreſented in the 
Fig. 2. where A Bis the outer, C D the middle, and E F the 
inner Tube. The Spaces between are ſo narrow, becauſe 
otherwiſe too great a Quantity of Quickſilver would be ne. 
ceſſary, and yet of no Uſe; becauſe Fluids preſs only accord- 
ing to the Altitude, and not the Quantity. 

47- I now every Part be fitted for Work, and Mercy) 
pour d into the Height of 24 Inches, as ſhewn by aN 54. 
and the Barrel and Pipe fill'd with Water, ſo that the whole 
Pump be full, and in Equilibrio with the Atmoſphere 3 i 
the outer Tube M$ be moved down thro the Space of 14 
Inches, at the Commencement of the Motion, the Equi- 
brium in the Pump is deſtroy'd by the greater Space which 
would enſue upon the Deſcent of the inner Tube X Q. and 
which cannot be ſuffer'd, becauſe of the Preſſure of the Ai! 
on the Water at H, and on the Mercury in the outer Shell 
at a, d. And becayſe theſe Preſſures of the Air outwardly & 
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ce of the Water in the Veſſel, and thereby pro- 
portionably augnents its Spring; which at length 


H and @ are equal, but there is not an equal Preſſure inward- 
ly on the Valve I, and the inner Shell of Mercury 6, c; the 
Valve being preſs d with all the Water in the Pipe above it, 
and which is proportional to the Altitude Cg; and the Sur- 
face of the Mercury of the inner Shell at 5, c, being preſs d 
only with the Altitude of Water C6, tis plain the Water 
will not ruſh in at I till the Preſſure on 6, c, becomes equal 
to it, and that will be when the Height of the inner Shell at 
þ is greater than that of the outer Shell at a, by near a x7 _ 
Part of the Difference of the Altitudes 5g; and then the 
Preflure being equal at & and I, upon the Motion of the Tube 
X Q-downwards, the Water will be forced up thro? the 
Valve at I, and the Height of the Mercury in the inner Shell 
will always exceed that in the outer Shell, in ſuch Manner, 
that the Exceſs will be about 4; of 5g, or the Height of the 
Point 6 above the Water at H. | uſa 2 | 

48. When the outer Tube is in its loweſt Situation, the 
Mercury in the inner Shell will be nearly at the Top X 
of the inner one, and in the outer Shell it will have but a 
{mall Height as à O, or Q. And when the Tube 'M Ss 
drawn up again, the inner Tube X W will force the Water 
in the Pump to act upon the upper Part of the Valve I, the 
under Part of the Valve E, and the Surface of the Mercury 
at 6 in the inner Shell The Valve I it ſhuts cloſe, the Valve 
E it endeavours to puſh up but cannot, till it has firſt re- 
cuc'd the Mereury in each Shell to a Level, when they, bal- 
lancing each other, produce an "Equilibrium with the external 
Air acting equally on the Surface of the Mercury in the outer 
Shell at a, and on the Valve E. Aſter this, as the Tube 
Ms continues its Motion upwards, the Mercury will riſe in 
the outer Shell, the Preſſure now on the inmoſt being _ 
And for every 14 Feet the Water is forced aboye Sur- 
lace of the inner Shell 5, the Mercury will riſe in the outer 
one, one Foot. —_— A | 

40. Becauſe the Structure of this Pump makes the Theory 
of its Operation not quite ſo eaſy and obvious to thoſe who 
have not conſider d it very thoroughly, (as I have found by 
frequent Experience in my Lectures) I have contrived to re 
preſent it more plainly, by a. Kind of Syphon or Pump of 
6 very ſimple Form, and yet acting on the very ſame Prin- 
Gple as this complex Pump under Conſideration. The Sy- 
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is ſo far increaſed, as to re· act with great Force 0 
the Surface I Z of the ſubjacent Water; which 


phon is H GF Z NSM. where HG F is the Water Pipe a. 
in the Pump; ZN repreſents the inner cylindric Tube, 
and MS the outer one; OF Z Qis the Barrel in which 
the Piſton VX moves (Which is a Forcer, or without 2 
Valve,) and CR a Conduct-Pipe to carry away the Water 


« 


forced thro' the Valve E. In all this it is eaſy to ſee the 


Analagy between this and the mercurial Pump. [ts 
; Operation likewiſe is the fame. | 
Fig. 3, and . 80. For let Mercury be 'd into the MS and 
4. toge- EM oonicoms tat aiileebinte Now ſuppoſe the 
ther. other Part of the Syphon full of Water, and the Pitlen raw. 
. — | 


'tis plam the Water at H cannot the Valve I, till: 
Column be rais d in the Z N above the Sur- 
face of that in ient to balance the 
Weight of in the Pipe H F, then will the Prel- 
fure of the Ai equal upon the Water H, and the Mer- 
in the Leg MS; and as the Motion of the Pilton i; 


=  Equilibrio with the Water in the Conduct- 
RC, and the Part Ce of the inner Leg; ſuppoſing the 
ercury now ſtands at e in that, and at / in the other: And 
then the ſaid Height of the Water will be nearly 14 times the 
Height 4f, or ce. I think all this is very eaſy to underſtand 
from the common Principles of Hydroflatics, and if this be 
underſtood, the Nature of the Pump muſt, as being the very 
fame Machine with a different Diſpoſition of its Parts. 
52. From this Theory of the mercurial Pump, tis eaſy to 
, that in conſtructing one, the Part Z FOQ ought to be 
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ending through the ſmall Tube e f to the 'Stop- 
(ck eg, is there, upon turning the Cock, ſuf- 


plced in the Middle of the Height from the Water H to be 

niſed, to the Ciſtern A B which receives and delivers it; or 

note nicely, the level Surface a 6c 4 of the Mercury when 

the Pump is fall, and juſt going to wark, ought to be in the mid- 

de Point of the Line P; the reaſon is, becauſe in the De- 

ſcent and Aſcent of the Tube MS, the Differences between 

de Altitude of the outer and inner Shells a4 and c are e- 

qual, and in each Caſe a 14th Part of the Height of the Water 

telow or above it. | 
63. Suppaſe the whole Height from the Water to the Pi- | 

10 be Pg = 60 Feet; then a Pa = zo Feet, or 360 

laches ; then alſo 14) 360(26 nearly, that is, the Difference 

of the Altitudes in the mercurial Shells will be about 26 In- 

ches. The Place therefore where they ought to be on a Le- a 

vel is at leaſt 13 Inches below M, or the Quickſtiver muſt 

derer be pour'd in to a Height N & greater than about 15 or 

16 Inches, or 17 at moſt. 1 

bo Feet, the Tubes 1 &c muſt be proportionably en- | 


54. To compute the Quantity of in the Shells; Pl. XXE 
« CBD be the Ajca of the Top of the inier Tube K V, Fig. 5. ö 
ad EH FG the Area of. the Surface of the inmoſt M 1 
dell ſurrounding it; then becauſe A B = 6 Inches, we have ö 
1 

' 

| 


ES A a, — 


AB* x 0,7854 == 36 x 0,7854 = 28,274 = the Area * 
Cicle AD BC Agzia, fince the Diameter E F is 6,1, 

Area of the Circle E H FG will be E F* x 0,7884 5 
but 29,224 — 28, —— of an Inch, the Area of the 
unular Surface of Mercury: wherefore 26 x,95 == 24,7 the | 
cubic Inches of Mercury contain d in 26 Inches Altitude of | 
tte inner Shell; which as it is leſs TE. 
28,274 ſhews that before the outer Tube MS can | 
—_ the War will begin 00 ils 60 BH, "wear" 30; Feet 


(5 Alſo becauſe the\Circaquſtrances of Cireles are as their 
ent and the" Diamivere of aliols Shel en 6,1 to 
6,36 (Are. 45.) therefote 6,1 : 6,36: : 0,95: 0,99 or 1 Inch; 
that is, every Inch of Altitude in in the exterior Shell is 1 cubic 
rere roke) 
tas deſcended near 1 Inch, the Water will force up the Valve 


the Mercury then being bon 26 Lacke ih in the outer 


fered 
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feretl to paſs through a Pipe b, fixed to a Ba 
and Socket, from the Orifice of which it iſſux 


* 
* 


55. If che Water be but 30 Feet below the Ciſterd, th 
Heights of the mercurial Shells will then be but half as gren 
as before, wiz, 13 Inches one above the other; and thei 
12,35 cubic Inches of the inner Shell will equal 13 Altitude, 
which therefore will riſe with a leſs Deſcent than + an Inch of 
the Tube MS, in the inner Shell, and of Aſcent in the outet 
Shell. Therefore if the Stroke or Deſcent of the Tube M$ 
be 15 Inches, there will be leſs than a 3oth Part of the Stroke 
loſt, or a zoth Part of the Labour beſtow'd in Pumping. Ar 
if the Mercury Shells were but half as thick; as here ſuppos'd, 
the Part of the Labour loſt would be but g of the Whole, 
which is far leſs than in any other Pump of this Kind, 

57. Since the Area of the Piſton X W is 28,274 Inches, 
thereariiovigy Lach of iu Motion raiſes the fe 


S 


2 Gallon, — Parts of an Hogſbesd that is 
28,274) 17766 (= 628, 4 Inches of Motion for an Hogſhead. 
Hence 52 Strokes, each 12 Inches, will raiſe one Hogſhezd. 
And this, if the Weight be not greater than 10 Feet to which 
the Water is raiſed, may be done by an able Man in one M. 
rute, working {0 as to be able to hold it all Day; as has been 
found by Experience. And therefore this is to be look'd upon 
as the greateſt Effect, which Perſons can expect from any Hy. 
draulic Engine, to raiſe Water of any Kind whatſoever, un- 
leſs he can invent ſomething more compleat and perſect in this 
Kind, than the Pump we have now been deſcribing. 

358. Another e t Pump, of the lifting Sort, is the Ia 
vention of Meſſrs. Gofſet and de la Denille; and ſet up in the 
King of Fraxxe's Garden at Paris. This Pump has this Pecu- 
Larity, that its Piſton works without Friction. The Form and 
Structure thereof is as follows; ABCDEFGHIK Es 3 
Sort of Box. incloſing the Piſton. +» This Box cobſiſts of two 
Parts, the upper ABCIK L, and the under one DE F GH, 
which ſhut upon each other. The Piſton within is 46, and i 
a circular Piece of Wood, about 'rcumference of whici 
is nail'd a Piece of well ſeaſon'd „of a circular Form, 
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and fo wide, that when the Piſton is placed at the Bottom 0! I 
the Box, the Leather may lie over the Sides thereof at DH 10 
all around ; the Piſton and Leather thus placed on the uppet 


with 
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with a great Velocity, to a very great Height or 


, Part, is forced down upon the Leather, and then both Parts 
frrew'd very faſt together. The Manner of which is very eaſy 
to apprekend from the Figure, where ig f4+4 i the Leather 
going from the Piſtan thro the Jointure of the Box. 2M 
59. Upon the upper Part of the Piſton is fix d a circular | 
(or any figured) Piece of Iron or Wood, denoted by 4%, in 
the Top of which, at e, is fix'd the Rod of the Piſton QC, | 
by which the Piſton is drawn up towards the upper Part of ; 
the Cavity Ju, and from thence forced down again in work- 
ing the Pump. Now as the Diametet of the Piſton is leſs 
than that uf the Cavity, it is plain that in its Motion up and | 
down, no Friction can happen, as there are no Parts for it to | 
rub againſt, which is occaſion'd by the Contrivance of ſuſpend- 
| 


ing it on the Leather. 18 $a. I 
_ 60. In the battom Part is fd a Pipe F O to bring up the 
Water from the Mine or Well at O, which it delivers into the | 
Box by a. Valve at c. In the Middle of the Piſton is like - 
wiſe another Valve zz opening upwards. AL MN is a Tube | 
or cylindric Pipe, in which the Water is raiſed to a Ciſtern to 
run off. Tis eaſy to obſerve, that as the Piſton is drawn up, . 
the, Water will run in beneath, thro, the Valve c, to prevent 
+ Vacuum; and alſo, that when the Piſton is forced down, the 
Water in the lower Parts muſt, be forced up thro', its Valve, 
and when the Piſton is raiſed again, the Water above it will 
be forced up the Pipe A M to the Ciſtern. b. 
61. Another Thing peculiar to this Pump is, the Short- 
neſs of the Stroke of the Piſton, which is com ed by the 
Largeneſs of its Area, and the greater Number of Strokes 
that may be made in the ſame Time. The only Objection 
to this Pump js, that it is always charged with the Weight 
of ſo much Water, as is equal to a Column of Water, whoſe 
Baſe is equal to the Area af the Piſton, and the Height e- 
qual to that of the Reſervoir above it, as is evident from 
what we have ſaid in explaining the Hydroſtatic Paradox. So 
that the Tube A L MN. has no Advantage in being ſmall; 
wleſs any particular Circumſtance or Conveniency require it. 

62. ARCHIMEDEs's SCREW deſerves a Conſideration, not pi xxII. 
only for its Antiquity, but its Uſefulneſs in raiſing Water. It 3 , 
confilts of a long Cylinder, with an hollow Pipe, Tube or 
Groove coil'd abour it, as repreſented in the Figure ; where 
the Cylinder is A B, and the Tube C D open at each Eg. 
It is placed in an oblique Pofition to the Horizon with the 
lower End in the Water to be pump'd away, the other End 


X Diſtance 


Lig. 2. 


—— 5 
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Diſtance, in a ſmall continued Stream, directed 


being ſupported on the lower Part of the Winch I K, by 
which the Screw and Cylinder is turn'd round. 

63. As ſoon as the Screw is immerſed in the Water, it im- 
mediately riſes therein by the Orifice C, to the Level of the 
Surface of the Water E F, and if the Point of the Helix or 
Spiral, which in the Beginning of the Motion is coincident 
with the Surface of the Water, happens not to- be on the 
lower Side of the Cylinder, the Water will upon the Motion 
of the Screw move on in the Helix, till it comes to the Point 
which is on the under Side, and coincident with the watry 
Surface; when it is arrived to that Point, which ſuppoſe at 
O, it cannot afterwards poſſeſs any other Part of the Spiral, 
than that which is upon the loweſt Part of the Cylinder, for 
it cannot move from O towards H or G, becauſe they are ſi- 
tuated higher above the Horizon; and fince this will ever be 
the Caſe, after the Surface of the Water in the Helix has at- 
tain'd the Point O, it is plain it muſt always be on the under 
Side of the Cylinder. 

64. But fince the Cylinder is in Motion, every Part of the 
ſpiral Screw from O to D, will by Degrees ſucceed to the 

id under Part of the Cylinder; the Water therefore in the 
Helix muſt ſucceed to every Part thereof, from O to D, as 
it comes on the lower Side; that is, it muſt aſcend on the 
lower Part of the Cylinder thro" all the Length of the Pipe, 
till it — to the j 5 D, where it will run out, as having 
_— arther to ſupport it. Hence it a , how much 
thoſe Gentlemen are miſtaken, who affedting the Wonderful) 
fay, that the Water aſcends by d;ſcending; whereas, if they 
would have made the moit of the Wonder, they might have 
ſaid truly, that the Water acſends, becarſe it cannot aſcend, i. e. 
that, it aſcends one way, becauſe it cannot aſcend another ; 
but then the Wonder is loſt. 

o J obſerve farther, with reſpe& to Pump-Work, that 
no ſingle Pump, tho' perfectly tight, will raiſe Water by a 
Piſton playing at a grearer Diſtance than 32 or 33 Feet ; and 
even then the Stroke of the Piſton muſt be more than 8 


Feet (for ſince es Feet, then a = 32 =. See 
Art. 30, 31, 33.) I fay, no Pump will raiſe Water to a greater 
Height than 32 Feet by a ſingle Piſton only; nar can this be 
remedied by ſeveral Valves in the Pipe below the Piſton, as 


ſome Gentlemen have pretended. 
66. For let AB be the Barrel of a Pump, GF the Piſton, 


every 


Provid 
68, 
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every way, or to any particular Place, by means 


3B a Pipe going from the Barrel to the Water at E, 60 Feet Pl. XXII. 
below it ; and B, C, D, E, be 4 Valves placed in the Fig. 3. 


Pipe at 20 Feet diſtance from each other. Now when the 
Piton is drawa up from B to F, a Yacunm will be made be- 
tween,” but the Valve B will not riſe by the Water below it ; 
for the Water in the Part BC cannot tiſe itſelf, much leſs 
can that in the Part C D below it, as being preſs d with the 
Weight of the Column above; and its own Weight down- 
wards, therefore no Part of the watry Column BF can move 
of itſelf, or by itſelf, Now no Power can be applied any 
where but at E to move the whole Column; nor can the 
whole be moved without raiſmg all the Valves at once; there- 
fore the Power able to raiſe the Valve at E, and conſequent- 
ly the Valve at B, mult be able to overcome the Preſſure of 
Column of Water 60 Feet high: But the Air can ſuſtain a 
Column only of 33 Feet high; therefore the Air cannot raiſe 
the Valve E; nor any of the reſt; therefore the Water cannot 
riſe in the Barrel A B of a ſingle Pump. AO 


» 


67. However, we may raiſe Water by a compound Pump, 


ſuch as is repreſented in the Figure, where A is the Rod of 


the Piſton, which at B is divided irito two, one of which 
des to the Barrel DE, and draws up the Water from hp 
Citem BF; the other Part BC goes down to the ſaid Ci- 
lern, where it is divided at C into two other Parts; one go- 
ng to the Pump F G, ſupplies the Water to the Ciſtern EF; 
he other Part CH goes th. another Pump IK below, and 
'nws up the Water from K to the Ciſtern HI. Now theſe 
Pumps all working at once, will draw Water from any Depth, 
Tovided each Pump does not exceed 32 Feet in Height. 


68. I ſhall conclude this Subject with an Account of one g 


tier Method of raiſing Water, by the natural! Agency of 
Lat and Cold only; It is as follows, ABCD is a pretty 
auge Veſſel fill'd with Water to the Height E F, the Space 
dove bei eſs'd of Air. On the upper Part of the Veſ- 
ſe! is a tall Tube inſerted G H, and defcends below the Sur- 
ace of Water to K. On the nether Part is another Tube 
ir Pipe IW. In each Tube is a Valve opening upwards, as 
tland G, The Body of this Inſtrument being nicely 
oled every where, ſo that no Air can eſcape, and placed 
"ih the lower End in the Water W, arid thus continued in 
ue hot Sun of a Summer's Day, the Air will be rarified by 
lie Heat of the Sun in the upper Part, and will compreſs 
it ſubjaceut Water, and force it up chro the Valve G into 
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A. XXII. UK)) The greateſt Artifice' of this Engine is its Con 


2. But this Spring at firſt was equal to the Preſſure of the 
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of the Ball and Socket (LXXIX.) 


the Tube GH, and by the Cold of the following Night : n 
will be condenſed again, and then the Preſſure of the At. 


moſphere Will force the Water at W up the Pipe WI, to te- W 
pleniſh the Veſſel each Day. And in this Manner may Wa- a 
ter be rais'd in a conſiderable Quantity in the Summer Time, 
or in very hot Climes. | 

69. By ſuch a Contrivance as this, ſeveral curious Effects W 
may be produced. Thus if a cylindric Cover be annexed to at 
the top Part of ſuch a Veſſel (diveſted of its Tubes,] it may f 
be raiſed to collect the Sun - Beams at Noon on the Top of in 
the Veſſel, which will ſo greatly rarify the Air within, as to by 
make it produce a conſiderable Stream of Water thro' 2 d 
ſmall Adjutage in the Side thereof; which Stream may fa! N 
on a Wheel to play an Organ at Dinner, Cc. Thus alſo, 
an Image may be made to weep in the Sun Beams, or a: 
2 Approach of Fire; with other Devices of the like 


trivance to produce a continual Stream, which is done by Com- 
preſſion, and Elaſticity of Air in the Barrel, call'd the Air 

eſſel a ö . For the Air, being an elaſtic Fluid, will be 
capable of Compreſſion in ary Degrees by the Water forced 
in thro” the Valves ät I, K; and 2 the Force of the Air 
Spring will always be inverſely as the dpace which it = 
ſeſſes, (as will be ſhewn) it follows, that when the Air Vel- 
ſel is half full wich Water, the Air will be compreſſed into 
half the Space it polſeſs'd at firſt, and therefore its Spring wil 
be twice as great as at firſt. | | 


Atmoſphere ; for if it was not, it could not have ſuſtain's 
or reſiſted the Preſſure of the Atmoſphere which ſtood over it 
and conſequently could not have fuld the Veſſel before th: 
Water was driven in; which yer we find it did, and main 
tain d an Equilibrium with the common Air. The Velle! 
then being halffill'd with Water, or the Air compreſſed in- 
to half the firſi Space, its Spring will be in this Caſe equal to 
twice the Preſſure of the Atmoſphere; and therefore when 
the Stop-Cock at p is turn'd, the Air within preſſing on the 
ſubjacent Water with twice the Force it meets with fro 
the external Air in the Pipe /, will cauſe the Water to {pou 
out of the Engine to the Height of 32 or 33 Feet, if dhe 
Friction is not too great. | 

Turk 
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THERE is another Sort of Engine for raiſing 
Water, which works by Fire, in the following 
Manner. ABC is a Copper- Veſſel, partly fill'd Pl. XXIII. 
with Water to DE, which being ſet over a Fire, Fig. 2. 
and made to boil, will fill the upper Part DBE 
with a vaſtly elaſtic Vapour, the ſufficient Strength 
whereof is known by its forcing open a Valve 
at e: This heated elaſtic Steam is, by turn- 
ing a Cock at F, let into the Barrel 4 5c d, where 
by its elaſtic Force it raiſes the Piſton G, which 
drives the Air above it through a proper Clack 


3. That it muſt ſpout to that Height is evident from hence, 
that only one we the Force of the internal Air is ſpent in 
overcoming the Reſiſtance of the external Air; and this be- 
ing deſtroy d, the remaining Half of the Force will be exert - 
ed in projecting the Water, which now muſt be confider'd 23 
ſpouting in Vacuo (the Reſiſtance of the external Air being ta- 
ken away). But in r'acuo Water will riſe to the Height of 32 
or 33 Feet (as will be ſhewn hereafter) by the Preſſure of the 
common Air; therefore ſince the remaining half Force of the 
internal Air is equal to the Preſſure of the common Air, it 
muſt cauſe the Spout to riſe to the Height of 32 or 33 Feet; 
and becauſe the Water keeps entering the Veſſel as faſt as it 
ſpouts out, it keeps the Air under the ſame Degree of Com- 
preſſion, which therefore muſt conſtantly act with the ſame 
Tenor on the Water, and produce a continual Stream to the 
the WY (ime Height. 
in WY 4. When the Air-Veſſel is 2 full of Water, the Space which 
the Air takes up is 4 Part, whence its Spring will be 3 times 
25 great as that of the common Air, therefore it will now pro- 
am 8 j-& the Water with twice the Force of the Atmoſphere, and 
elle WY therefore to the Height of 64 or 66 Feet. When the Air- 
"WM Veſſel is 3 full of Water, the Air will be compreſs'd into 3 
Part, and ſo will protrude the Water with a Force equal to 3 
Atmoſpheres, and therefore to the Height of 96 or gg Feet, 
And when the Veſſel is + full'of Water, the Air will take up 
Part, and will have its Spring 5 times as ſtrong as at firſt, 
nd will therefore force the Water 132 Feet 3 ER 

5- Hence tis eaſy to obſerve the Law by which the Spring 
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Pl. XXII. 
Fig. 6. 
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at the Top. After this, that the Piſton may by 
its Weight deſcend, a little cold Water, from the 
Fountain Fg hi, is let in at the Bottom by turn- 
ing a Cock at &, which, in Form of a Jet, con- 
denſes the hot Steam in the Barrel into 13000 
times leſs Space than before it took up, which 
makes a ſufficient Vacuum for the Piſton to de- 
ſcend in, The Piſton G, and Lever HI, being 
thus put into Motion, do accordingly raiſe and 
depreſs the Piſton K in the Barrel of the forcing 
Pump LM on the other Side; which, by the 
of the Air will act on the Surface of the Water below it, «iz, 
according to the Numbers in the Table below. 


Height of Of the Air Proportion of Height of 
the Water. comprejs'd. the Air's Spring. the Spout. 


z—_ 1 2 — 33 Feet. 
89 I 6 

r 

1— — 5— 132 

2 1 165 

7 — — 7 — 198 

12 —ů— — 8 231 

2 — — 

1s — — 198 —— 4397 


And thus for any greater Degree of Compreſſion. 

6. As the A. Vogel is the Cauſe of the continual Stream, 
we may naturally infer, that if ſuch an Air - Veſſel were adapt - 
ed to the Cn Horſe Pump, it would then become a Fire- 
Engine, or very uſeſul for extinguiſhing Fires that may happen 
in or near the Houſe. Now. this may be effected in a Man- 
ner either the ſame with, or analogous to, that which follows. 
ABCD 6 the Barrel of the Pump, PH the Rod and Piſton, 
CW tbe Pipe going down to the Water of the Well at W. 
Towards the lower Part of the Barrel is a ſhort Tube, by which 
the Air-Veſfe] F E is fix d to, and communicates with, the Bar- 
rel of the Pump. AMNL is a Collar of Leathers ſo fixed 
on the Top of the Barrel, and adapted to the Rod, that it 
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Pipe N, draws the Water from the Depth W, 
and forces it to riſe and ſpout through the Tube 
O, continued to any Height at Pleaſure. This 
Engine is uſed to draw the Water from Coal- 
Pits and otffer Mines, Beſides theſe, there are 
various other Water-Engines of a more complex 
Structure; but as they all act on the ſame Prin- 
ciples with theſe two deſcribed, tis needleſs to 
ſay any thing of them here (LXXX, LXXXI, 
LXXXII.) 


may move freely in the Leathers, without permitting the Air 
to paſs in or out between. The Nozzle or Spout D has 3 


$ Stop-Cock S to ſhy off the Water, or let it paſs out as re- 
| ya is a ſcrew'd on to direct the Stream by a 
pliant Leathern Pipe at the End. 


7. Now 'tis plain, when the Piſton is raiſed from the Bot- 
tom of the Pump Barrel, the Water above it will be forcgd 
into the Air-Veſſel, and there com the Air (the Stop- 


Cock being ſhut); it will alſo compreſs the Air on the Top of 


the Barrel, for the Water will not be higher than the Spout 
D at firſt, when the Stop-Cock is ſhut :* But as 
a 


ter will riſe to I. | 

8. This compreſs d Air, in each Place, will the 
Water by its Spring, and, upon turning the Stop-Cock, will 
force it out in a continual Stream, a Pipe at Q, and 
that with a greater or leſſer Degree of Force, as Occaſion re- 
quires, that being abſolutely in the Power of the Perſon work - 
ing the Pump. This Invention we owe to Sir James Creed, 
one of the very few Votaries which the Philoſophic Muſes 
find among Perſons of Quality and Fortune. 


the Air is confin'd, it will be compreſs'd at Top, and the Wa- 
act 


(LXXX.) The FixE-EAuctus is the moſt admirable, curi - 


ous, and compounded Machine that we find among all thoſe 
whoſe Inventions have been owing to the Diſcoveries of Mo- 
dern Philoſophy, and which affords the greateſt Advantages 
to Mankind. The Fire-Engine is of two which I ſhall 
here give the Theory of, and Figures of each according 'to 
the lateſt Perfection in which the) are made. The Account 

gven above being only in ING firſt State and — 
4 
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nal Simplicity: But it is now of a very different Form, though 
acting upon the ſame Principle, as will appear from the fol. 
lowing hiſtorical Theory thereof. 

2. The Marquis or WorcesTER, in his CITY 
pentions, (printed A. D. 1663.) is the firſt that I know of who 
| propoſed raiſing great Quantities of Water by the Force of 

Fire, turning Water into Steam; and he mentions ſome En- 
gine of this Kind, which he ſaw play'd a continual Stream in 
the Manner of a Fountain, forty Feet high. He alſo ſays, 
that a Perſon attending it turn'd two Cocks; that one Veſſel 
of Water being conſumed, another begins to force and re fill 
with cold Water; and this alternately and ſucceſſively, the 
Fire being tended and kept conſtant by the ſame Perſon in the 
Interim between turning the Cocks. | 
3. Captain Saver, having read this Account, immedi- 
ately attempted to raiſe Water by Fire, and was the firſt who 
erected an Engine for this yy e, of the Form we have ſince 
had. them. To ſecure the Invention to himſelf, he bought up 
all the Marquis s Books that he could ing and burnt them; 
and then gave out that he diſcover'd the Method by Accident. 
He made many Experiments to bring the Machine to Per- 
fection, and erected ſeveral for Gentlemens Seats, but could 
not ſucceed for Mines, the Depth from which Water was to 
be raiſed from thence being ſo great, that it required the Steam 

too dangerouſly ſtrorg to be attempted in his Way. 
4. Thus tbe Propgrets of the Engine was ſtopp d, till long 
afterwards Mr. Newcomer an Ironmonger, and Mr. John Caw- 
. ley a Glazier, (both. Diſſenters of the Baptiſt Denomination 
at Dartmcuth ) contrived another Way to raiſe Water by Fire, 
where the Steam to raife the Water ſrom the greateſt Depths 
of Mines is not required greater than the Preſſure of the At. 
tmoſphere ; and this is the preſent Structure of the Engine, 
and which is now of about 35 or 40 Years ſtanding. 
pl. XXIV. 8. We have allezdy ſheun { Annor. LXXVIII. 67.) that 
& Water may be dr wn from any Depth by a Compound Pump. 
Suppaſe the Depth =" 150 Feet, and the Diameter of the 
Pump- Barrel at p be Inches, then the Weight of ® cylin- 
eric Column of Water 150 Feet high, and 74 Inches Dia- 
meter, will be about r οο . If now the Rod of this 
Pump were hung by a Chain to the End of a Lever h, as at 
H, and at the other End another Power were applied, as at P, 
with a ſuperior Foce, the Pump might be work d, and the 

Watet raiſed hy that Fo-•er. 17 91 

6. Now this Power eannot be human, or the Strength of 
Men ;: for it will require 1 Men to pull down the Beam, 
Lich pulling uit a Force of 30 l. and io more * 
33 | ft £ theſe 
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heſe when weary ; for the Pump in a Mine muſt not ſtand 
41]: But 200 Men would be too expenſive. If we allow 
Horſes, (and one Horſe equal to five Men) there muſt be 20 
Horſes working at a time, and 20 more to relieve theſs ; 
«hich great Number of Horſes, though leſs expenſive than 
he Men, will be found too great an Expence for moſt Mines: 
And neither Men nor Horſes would be able to give more than 
15 or 16 Strokes in a Minute. | 

7. Some other Power therefore muſt be applied ; and the 
Puloſopher readily offers his Service with his Air-Pump, and 
Preſſure of Air. His Propoſal is to fix a large Barrel or Cy- 
nder CC, truly bored, about 8 or 9 Feet long and 22 Inches 
wide, on the Top of his Air-Pump and in this is a Piſton 
well leather d, whoſe Rod L is faſten'd to a Chain fix d to the 
Zud of the Lever at P. Now, ſays he, allowing 15 . of 


Preſſure upon every ſquare Inch, the whole Preſſure of Air 


pon ſuch a Piſton will be 5800/5, which is near twice the 
Force to be overcome. But this mult be effected by exhauſt. 
ng ſo large a Barrel by the Air-Pump, and which he cannot 
do more than twice in an Hour; fo that he can produce only 
2 Strokes in the Time that 960 are neceſſary to keep the Wa- 
ter from overflowing the Mine. 

$. But though the firſt Expedient fails, he makes a ſecond 
Propoſition, and that ſucceeds 3 which is as follows. B is a 
arge Boiler, whoſe Water by the Fire under it is converted 
nto elaſtic Steam. The great Cylinder CC is fix'd upon it, 
ind communicates with it by the Pipe Dd; on the lower Ori · 
ce of which (within the Boiler) moves a broad Plate, by 
neans of the Steam-Cock or Regulator E 10, ſtopping or 
opeung the Paſſage, to prevent or permit the Steam to paſs 
mo the Cylinder, as Occaſion requires. The Diameter of 
the Pipe D is about 4 Inches. 

9- The Steam in the Boiler ought always to be a little 
ſronger than the Air, that, when let into the Barrel, it may 
be litle more than a Balance to the Preſſure of the external 
Ar, which keeps down the Piſton at the Bottom 4. The 
Filon being by this means at Liberty, the Pump- Rod will, by 
b great Weight, deſcend at the oppoſite End to fetch a Stroke: 
tor tne Weight of 70 or 80 Yards of Iron-Rod amounts to 
out 9 or 19 Hundred; whereas the Piſton, and other Weights 
the other End, is not above 4 or 4 Hundred. The End 
if the Lever at the Pump therefore will always preponderate 
le other, and deſcend when the Piſton is at Liberty. 

'0. The Handle of the Steam-Cock E 10 being turn d to- 
Fads , opens the Pipe D to let in the Steam; and being 
towards O, it hats it off that no more can enter. The 


Piſton 
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Piſton is now raiſed towards the Top of the Barre 15. T. 
the Barrel is full of Steam. The . 01 — Ream, is 
lifted up, to turn by its Teeth the Injecting- Cock at N, vba de 
permits the Water brought from the Ciſtern g. by the Pig he Top « 
MN, to enter the Bottom of the Barrel at =, where it fl the W v 
up in the Form of a Fountain, and ftriking againſt the Botta Ste 
of the Piſton, the Drops being driven all over the Cylinder wil he Boiln 
by their Coldneſs cqndenſe the Steam into Water again, ani 16. T. 
8 ms the Bottom of the Barrel. | — | 

11. Mr. Hen. Beighton made an Experiment to determi, be 
the Rarity of the Steam, and found the ( Content of the Bu at C 
rel of Steam was 113 Gallons; and fince there were 16 won 
Strokes in a Minute, therefore 113 x 16 = 1808 Gallons d * 
Steam per Minute. He alſo abſerved, that the Boiler requirel boner Pi 
to be ſupplied with Water at the Rate of 5 Pints per Minute |S 
and ſince 282 Cubic Inches make a Gallon, 3 54 make a Pin A 
and 5 x 351 = 1765 in 5 Pints; alſo the Cubic Inches d w high ; 
Steam are 1808 x 282 = 508856; if then we ſay, As 176 {ye © 
509856 :: 1 : 2893 ; or one Cubic Inch of Water is expand I f 
ed into 2893 Inches of Steam: Conſequently the Steam ail. A 
the Barrel is reduced to 28777 Part, when turn'd to Water hf rden 
the Jet of cold Water; and therefore a ſufficient Vacuum s nl, 5 
made in the Barrel, for the Piſton to deſcend unbalanced, h“! 
the Preſſure of the Air. | 11 with 

12. The Piſton being forced down raiſes the other End « ** 
the Lever, and conſequently the Piſton of the Pump whid wy wo & 
brings up and diſcharges the Water at p. Now this whok bs 
Operation of opening and ſhutting the Steam-Regulator ani. 
Injection · Cock, will take up but little more than 3 Second * — 
and will therefore produce very well 16 Strokes in a Mr * 
nute. 

13. That the Ciſtern g may always be ſupplied with Web. 
ter, there is an Arch x fx d near the Arch H at the Pump Wi. da 
End, from whence another Pump- Rod & with its Piſton drauf v b 
Water from a ſmall Ciſtem near the Mouth of the Pit, (fur... 
plied from the Water raiſed at ] and forces it up the Pig >a 
» mm into the Ciſtem g, which therefore can never wan Sage 
Water. | x "a 

14. That the Leathers of the Piſton C may be always ſup hand © 
ple, and ſwell'd out ſo as to be always Air-tight, a mall, © 
Stream of Water is ſupplied from the Injecting Pipe M h * h 
the Arm z. On the Top of the Cylinder is a larger Fart aun Ar 
Cup L., to hold the Water that lies on the Piiton, leſt it oo, and F 
overflow.when the Piſton is got fn Height, as at Wut z 
at which Time if the Cup be too ull, the Wateg will ru 1 


down the Pipe V to the waſte Well at Y. 
#4 15. The 
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. The Water in the Boiler, which waſtes in generating 
team, is ſupplied by a Pipe F/ about 3 Feet long, going 
no the Boiler a Foot below the Surface of the Water. On 
te Top of this Pipe is a Cup or Funnel F, ſupplied by the 
he W with Water fram the Top of the Ciſtern, which has 
te Advantage of being always warm, and ſo uot apt to check 
be Boiling of the Water in the Copper. 

16. That the Boiler may not have the Surface of the Water 


10 low, (which would endanger burſting) or too high, (which 


would not leave Room enough for Steam) there are two Gag - 
Fpes at G; one going a little below the Surface of the Wa- 
xr when at a proper Height, and the other ſtanding a little 
hove it. When every thing is right, the Stop-Cock of the 
ner Pipe being open'd gives only Steam, and that of the 
ng one Water; but if otherwiſe, both Cocks will give Steam 
rien the Surface is too low, and both give Water when it is 
wo high ; and hence the Cock which feeds the Boiler at F 
my be open d to ſuch a Degree, as always to keep the Sur- 
ie of Water to its due Height. 

17. The cold Water, conſtantly injected into the Cylinder 
pcondenſe the Steam, is carried off by the Eduction-Pipe 
Tv, going from the Bottom of the Cylinder to the Waſte 
Nel V, where going a little under Water it has its End turn'd 
u with a Valve V to keep out the Air from preſſing up into 
lie Pipe, but permitting the injected Water coming the other 
Vay to be diſcharged ; whereby the Cylinder is kept empty. 

18, Leſt the Steam ſhould grow too ſtrong for the Boiler, 
ad burſt it, there is a Valve fix d at 6, with a perpendicular 
Vre ſtanding up from the Middle of it, to put Weights of 
lead upon, by which to examine the Strength of the Steam 
pling againſt it from within. Thus the Steam is known to 
en ſtrong as the Air, if it will raiſe up ſo much Weight on 
te Valve as is at the Rate of 15 /b. to an Inch ſquare ; be- 
dale that is the Weight of Air (nearly) on every ſquare Inch, 
8 will be ſhewn in its Place. When the Steam becomes 
tnger than what js required, it will lift up the Valve, and 
out. This Valve is call'd the Puppet. Clack. 

19. The Steam has always a variable Strength, yet never 
N tronger or weaker than common Air: For it has. been 
und that the Engine will work well, when there is the 
Weight of 1 /6. on every ſquare Inch of the Valve 3. This 
deus that the Steam is then , Part ſtronger than the com- 
wn Air, Now as the Height of the Feeding - Pipe from the 
nel F to the Surface of the Water Ss is not above 3 Feet, 
* Feet of Water is 10 of the Preſſure of the Air; if 
le deam were 1 Part ſtronger than Air, it would _ the 
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Pater out at E; which fince it does not do, it cannot be 


ſtronger than Air, even in this Caſe, where, the Regulator 
being ſhut, it is moſt of all confined. 

20. When the Regulator is open'd, the Steam gives the 
Piſton a Puſn, which raiſes it up a little way; then falling a 
. Space, it comes to be ot the ſame Strength, and ſoa 

ce to the Atmoſphere; thus the Piſton, being at Liber- 
ty, riſes to the Top W. The Steam, now expanded into the 
whole Capacity of the Cylinder, is weaker than the Air, and 
would not ſupport the Piſton were it not for the 
Weight at the other End of the Lever, which keeps it up. 
The Steam each Stroke drives the injected Water of the pre- 
ceding Stroke out of the Eduction-Pipe dT V, and would it- 
felf follow, and blow out at the Valve Y, (which ts not 
loaded) if it were ſtronger than the Air, which it never doe. 
If it were exacthy equal to the Strength of the Air, it would 
juſt drive all the Water out at V, but could not follow itſelf, 
the Preſſure being on each Side the Valve equal by Suppoi- 
tion. If it be weaker than the Air, it will not force al 
the Water out of the Pipe 4 T, but the Surface will ſtand 
ſuppoſe at T, where the Column of Water TV added to the 
Strength of the Steam is equal to the Preſſure of the Ar. 
When the Steam is d weaker than the Air, the Height 'T ! 
= 3x Feet. Now ſince the whole perpendicular Diſtance 
from 4 to V is but 4 Feet, and the Steam always ſufficient to 
expel the Water; it is plain it can never be more than a 
Part weaker than the Air, when weakeſt. 

21. There is Air in all the Water injected ; and tho that 
Air cannot be taken out or condenſed with the Steam, yet 
will it precipitate and fall thro' the Steam to the Bottom ©! 
the Cylinder, as being much heavier. For it has been ſheun, 
that Steam is to Water, as 1 to 2893 in its Denſity, but the 
Devfity of Air is to that of Wa'er, as 1 to 864 (as will be 
ſhewn) therefore the Rarity of Steam is to that of Air, 28 
2893 to 364; the Air will therefore fall thro' the Steam to 
the Battom, and from thence be driven aut thro' a ſmall Pipe 
opening into the Cup at 4, on which is a Valve. Now when 
the Steam firſt ruſhes into the Cylinder, and is a little ſtronger 
than the outward Air, it will force the precipitated Air to 
open the Valve at 4, ard make its Eſcape ; but the Steam 
cannot foliow, wal it is weaker than the outward Air, 2 


the Piſton gives it room, by aſcending, to expand. Th: 
Valve (from the Noiſe it makes) is call d the Sniftig- 
Clack. ö | 41 10 225962 h 02 1 150 

22. Among the greateſt Improvements of this Engine, ve 
way reckon that Contrivaace, by which the Engine itfelt 8 
” x ma & 
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made to open and ſhut the Regulator and Inje&tion-Cock, and 
that more nicely than any Perſon attending could poſſibly do 
it, For this Purpoſe there is fd to an Arch Z, at a pro- 
per Diſtance from the Arch P, a Chain, from which hangs 2 
perpendicular Piece or working Beam QQ: which comes 
down quite to the Floor, and goes thro? it in a Hole, which 
it very exactly fits. This Piece has a long Sht in it, and ſe- 
veral Pin- Holes, and Pins, for the Movement of ſeveral fmall 
Levers deftin'd to the ſaid Office of opening and ſhutting the 
Cocks, after the following Manner. | 

24. Between two perpendicular Pieces of Wood on each 
dide P, there is a ſquare Iron Axis AB (in the following 
Fig” where this Part is repreſented by itfelf for Diſtinctneſs) 
which has upon it ſeveral Iron Pieces of the Lever Kind. 
The firſt is the Piece CE D, call d the V, from its repreſenting 
that Letter inverted by its two Shanks E and D; on the upper 
Part is a Weight F to be raiſed higher or lower, and fix d, as 
occaſion requires. This Y is fix'd very fait upon the ſaid Iron 
Axle AB. 

24. From the Axle hangs a Sort of an Iron Stirrup IK LT, 
by its two Hooks II, and having on the lower Part two 
Holes K, L, thro”. which paſſes a long Iron Pin LK, and 
key d in the fame. When this Pin is put in, it is alſo paſs'd 
thro” the two Holes in the Ends E, N, of the horizontal 
Fork or Spanner EN, join'd at its End Q to the Handle 


of the Regulator V 10. From Q to O are ſeveral Holes, by 


which the faid Handle may be fix'd to that Part of the End 
which is moſt convenient. 

25. Upon the Axis AB is fix'd at Right Angles to the V, an 
Handle or Lever G 4, which goes on the Outſide of the Piece 
QQ, and lies between the Pins. Another Handle alſo is 


| flten'd upon the ſame Axle, wiz. H 5, and placed at balf 


2 Right Angle to the former G 4 ; this paſſes thro” the Slit 
of the Piece QQlying en one of its Pins. Hence we fee, 
that when the working Beam goes up, its Pin in the Slit lifty 
up the Spanner H 5, which turns about the Axle ſo faſt, as 
to throw the Y with its Weight F from C to 6, in which 
Direction it would continue to move, after it paſ d the Per- 
pendicular, were it not prevented by a Strap of Leather fix'd 
to it at OE and made faſt at the Ends m and , in ſuch Man- 
ner, as to aliow the Y to vibrate backwards and forwards a- 
bout a Quarter of a Circle, at equal Diſtances on this Side 
and that of the Perpendicular. 

26. As Things are repreſented in the Figure, the Regu- 
lator is open, its Plate T Y being ſhown on one Side the 
Pipe 8 which joins the Cylinder and Boiler. The Piſton is 

now 
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now up, and alſo the working Beam near its eſt Heig:: 
the Pig in the Slit has ſo far raiſed the Spanner H , — 
Weight F on the Head of the Y is brought fo far from , 
as to be paſt the Perpendicular, and ready to fall over to. 
wards m, which when it does, it will by its Shank E, with: 
ſmart Blow, ſtrike the Iron Pin K L, and drawing the For: 
ON horizontally towards the Beam Q, will draw the End 
10 of the Regulator towards 6, and thereby ſhut it, by 
ſlipping the Plate V unde? the Holes of the Throat-Pipe 8. 

27. Immediately after the Regulator is ſhut, the Beam r 
fing a little higher, with its Pin 8 on the Outſide upon the 
lower Part lifts up the End & 1 of the Handle of the Injecting- 
Cock, and opens it by the turning of the two Parts with 
Teeth. The Jet immediately making a Vacuum, the Bean 
222 and the Pin depreſſing the Handle & 1 ſhut: 

e Injection Cock; and the Beam continuing to deſcend, the 
Pin p bears down the Handle G 4, and ing back the Y, 
its Shank D throws forward the Fork N Q, again opens 
the Regulator to admit freſh Steam. After this every thing 
returns as before. z and thus is the Engine moſt wonderfully 
contrived to work itſelf. 

28. After the Engine had been made, as above deſcribed, 
for maty Years, it receiv'd another Improvement of very 
great Advantage; and that was, inſtead of feeding the Boiler 
with warm Water from the Top of the Cylinder (as related 
Art. 15.) by the Pipe W above, and FV below; they con- 
triv'd to ſupply it with the ſcalding hot Water which came 
out of the Eduction-Pipe 4 T V, which now; inſtead of going 
to the waſte Well at V, was turn' d into the Boiler on the top 
Part; and as the Eduction - Pipe before went out at the Side 
of the Cylinder, it was now inſerted in the Bottom of the 
fame ; and tho the Preflure of the Steam in the Boiler be 
ſomewhat r in the Cylinder, yet the Weight of Water 
in the EduCtion-Pipe being added to the Force of Steam in 
the Cylinder, will carry the Water down continually, by o- 

E vercoming the Reſiſtance in the Boiler. 

29. To conclude this Theory of the Fire-Engine, I ſhal! 
here add a moſt curious and uleful Table of the Calculation 
of the Power of Fire-Engines for the various Diameters of 
the Cylinder, and Bore of the Pump, that are capable of rai- 
fing Water from 48 to 440 Hogſheads per Hour, at any Depth. 
from 15 to 100 Yards, It was compeſed by Mr. Herr; 
Brighton; and is founded on this Principle that the Ale Gal- 
lon of 282 cubic Inches of Water weighs 10/6. 3 oz. Aur- 
dupoi:, and a ſuperficial ſquare Inch is prefs'd with the Weight 
of 14%. 13 %. of Air When of a mean Gravity. = — 
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lowing for ſeveral Friftions, and to give a conſiderable Velo- 
city to the Engine, it is found by Experience, that no more 
then 845. of Preſſure muſt be allow'd to an Inch ſquare on 


the Piſton in the Cylinder, that it may make about 16 Strokes 


in a Minute, about 6 Feet each. 
30. Theſe Calculations are but for common Practice; for 
with large Boilers the Piſton will make 20 or 25 Strokes per 
Minute, and each of them 7 or 8 Feet, and then a Pump of 
Inches Bore will diſcharge more than 320 H per 
How, and Tos ether Sizes proportionably. The Uſe of the 
Table is eaſy ; for ſuppoſe it requir'd to dtaw 150 Hogſheads 
jer Hour, at the Depth of 90 Yards; then in the 7th Co- 
lumn, I find the neareſt Number 149, and againft it, in the 
—— CCT 
wo een ke ght-hand, Le 
7 the Diameter of the Cylinder fit for e Pur 
paſe, and fo for any other. 
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(LXXXI) The Method of conſtructing a Fire- Engine, 
according to the original Inſtitation of the Marquis of Ver- 
on and Capt. Savery, wherein the Water was to be raiſed 

ely by the ure of elaſtic Vapour or Steam, is very uſe- 
ful, and cheap in reſpe& of the other Sort; and when the 
Height, to which the Water is to be raiſed, does not exceed 100 
or 150 Feet, then this Engine is applicable with great Advan- 
tage, it requiring but a ſmall Fire, (not bigger what is 
generally uſed in a Parlour Chimney) is of a very ſimple and 
eaſy Structure, and admirably adapted for playing of Foun- 
tains to very Heights. 

2. Dr. De/agulicrs has given us the Structure of this En- 
gine on a Copper Plate with his laſt Improvements, and be- 
cauſe I think this better than that which Profeſſor My/chen- 
brock has exhibited in his Eh de Phy/ique, eſpecially for rai- 
ſing Water, I ſhall here give the faid Figure and its Expli- 
cation. | 
3. The Boiler BB is a large Copper Body of a globular 
Form, whick will beſt of all withſtand the very great Force 
of Steam, that is in this Caſe neceſſury. Round the Body of 
this Boiler the Fire and Flame are conducted, as ſhewn at 
TTT. It has a Copper Cover ſcrew'd A, which contains 
the Steam Pipe C D, and two Gage-P'pes N. O, which, by 
turning their Cocks, ſhew the Height of the Surface of the 
Water within, as in the other Engine. 

4. On the ſame Cover at P is a Valve, over which lies a 
Steel-yard with its Weight Q to keep it down, the Strength 
of the Vapour being this Way moſt exactly eſtimated : For 
being in the Nature of a Lever, of the third Sort, tis plain, 
if the Beam of the Lever be divided into 10 equal Parts, and 
the firſt of theni be upon the Middle of the Valve, and the 
Weight Q hangs at the 2d, zd, 4th, Cc. Diviſions, that 
then the Force of the Steam which can raiſe up the Valve 
will be 2, 3, 4, &c. times as great as the Weight. If the 
Area of the Valve be a ſquare Inch, and Q= 15/4. hang- 
ing at the 2d Diviſion is raiſed by a Steam puſhing up the 
Valve, it will ſhew the Steam will then preſs wich the Force 
of 2 Atmoſpheres, and ſo on to 10 Atmoſpheres; but great 
Cate muſt then be taken about it, leſt the Steam, ſo very ſtrong, 
burſt the Boiler to Pieces. 

5. The Steam is carried from the Boiler to a Copper Veſ- 
ſel A by means of the Pipe C D, and is let into the fame by 
turning the Handle K. of the Steam-Cock DI. The Key 
of this Cock is kept down by the Screw L, held up by the 
Sibbet DL. The Handle turn'd from K to 4 admits a Paſ- 
lage to the Steam into the Copper Receiver A. 

| Y 6. This 
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6. This Receiver A communicates at Bottom with the Suck- 
ing-Pipe Z H going. down to the Water H in the Well X; 
and above wich the Forcing-Pipe EE, which goes up a little 
above the Water of the Reſervoir R ; between theſe two Pipe; 


.are two Valves F and G, both opening upwards. The Steam 
being let in upon the Water of the Receiver A, forces it up 


thro" the Valve F, and the Pipe EE to the Reſervoir, and 


then the ſaid Receiver is full of hot Steam. 


7. This Steam in the Receiver is condenſed by a Jet of 
cold Water coming from the Forcing Pipe by he fmal Pi 


MI, beiog let in, and ſhut off by the Cock at M. The 


Steam being condenſed by this Jet, will be reduced within 


a very ſmall Space, and ſo make a Yacuwm, upon which the 


Water in the Well will ruſh up the Forcing-Pipe to reſtore 
the Equilibrium, and thus again fill the Receiver A; the little 
Air being compreſs'd within a ſmall Compaſs at the Top a- 
bove ab. : 

8. That there may always be Water in the Force-Pipe for 
the Jet, there is a little Pipe which brings the Water to it 


-from the Reſervoir, with the ſmall Stop-Cock Y to ſhut it off 


upon Occaſion. The Valves at F and G are examin'd at any 
time, by unſcre ing the Pin 1 to looſen the Strap 2, and let 
down the Flanch 3, all which Parts are ſhewn larger in the 
Figures below. 

2 By the peculiar Contrivance of the Cock at DI, and 
its Key, the Water is made to paſs from the Force - Pipe to the 
Boiler, to ſupply the Waſte in Steam. This is plainly ſhewo 
in the Sections of the Cock and Key, where 5 is the Top of 
the Key; 6 is a Hole on one Side, which goes down to the 
Bottom, to convey the Steam or Jet of Water alternately to 
the Receiver; 7 is a Notch on the other Side to take in the 
Wa'er from the Force-Pipe, and conduct it to the Boiler B. 
How this is done, is eaſy to conceive from a View of the 


two Sections of the Cock and Key in two Poſitions with- 


in it. 
10. The Boiler may hold about $ or 6 Hogſheads, and the 
Receiver 1 Hogſhead : It will work 4 or 5 Hours, without 
recruiting ; about 4 Strokes 110 Minute will produce up- 
wards of 200 Hogſheads er Hour. This Steam makes 2 
Vacuum ſo effectually, as to raiſe Water from the Well to 
the Height of 29 or 30 Feet ; and ſuppoſe the Steam able to 
lift up the Steel-yard, with its Weight hanging at the'6th 
Diviton, it will then be able to raiſe a Column of Water a- 
bout 30 Yards high, as being then 6 Times ſtronger than tic 
Preſſure of the Air, as is eaſy to underſtand from what ha 
been {ud on this Subject of the Common Wag Fan. ry 
| tat. 
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Aunctat. LXXX. z.) the Water being raiſed in a fimilar 
Manner in both Machines; there by the Preſſure of condenſed 
elaſtic Air; and here by the Preſſure of rarified elaſtic 
Steam. 

11. The Elaſticity of the Steam increaſing with its Heat, 
ard the Space into which it endeavours to expand itſelf be- 
ing as irs Elaſticity or Strength, and fince we know (by what 
precedes) that Water expanded into Vapour, of the ſame 
Strength of the Air, occupies near 3000 times the Space as 
before, it follows, that when the Steam has twice that 
Strength, it will be expanded into 6000; if it be 5 times as 
ſtrong as the Air's Spring, it will become expanded into 
15000 times that Space, and ſo on, beyond the Reach of 
Expcrimeats, From all which it appears how near a perfect 
Vacuum we may approach by this Engine, or any other, by 
means of rarified Vapour. 

(LXXXII.) In the Philoſephical Tranſafions, No. 461, there 
is an Account of an Improvement made in the Fire-Engi 
by Mr. Payne, as follows. He has contrived two Iron Pots 
or Veſſels of a conieal Form inverted, as repreſented by 
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ABE E, on the upper Part of which is fix'd a round globu- Pl. XXV. 
lar Copper Head (of about 5 Feet diameter) as L MN, Fig. 8. 


There is then placed on the Inſide a ſmall Machine H, call'd 
the Diſßerſer, with Spouts a, 5, c, d. e, &c. round the Sides 
fix'd to it, and the Bottom thereof reſts on a Centre-Pin O. 


In this Machine is fix'd an uptight Tube G, with Holes at 


the Bottom, and a Funnel P on the Top to receive a Spout 
of Water from a Conduit-Pipe Q, by the Stop-Cock R. 

2. This Veſſel being compleated, two or more of them 
are placed in a reverberatory Arch for conveying the intenſe 
Heat of a ſtrong Fire, the Flame whereof encompaſſes the 
Iron Veſſels, and keep them in a red Heat, during the Time 
of their Uſe; at which Time the C08 Wheel I, being turn'd 
by proper Machinery, whirls the Diſperſer about with great 
Velocity, and cauſes the Water in it (by a centrifugal Force} 
to fly thro* the Spouts againſt the Sides of the red-hot Pots, 
which immediately converts the greateſt Part thereof into Va- 
pour or elaſtic Steam, which is convey d by a common Pipe 
and Cock to the Barrel of the Engine to put the Piſton in 
Motion; and the waſte Water is convey'd away at bottom, 
I means of a Pipe CD, with a Valve at D to keep out the 


3. By many Experiments made on this Engine, Mr. Payne 
has proved the following Particulars, viz. That ſuch an igni- 
hed Pot or Veſſel will rarify or expand 50 Gallons of Water; 
Wine Meaſure, per Hour, "oa aa 

Y 2 4. Thaz 
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4. That a cubic Inch of Water will make in Practice 4000 
Inches of Steam; and therefore 50 Gallons will produce 


46000000 per Hour, or 570000 per Minute; hence two ſuch 


Pots will produce 1 540000 cubic Inches of elaſtic Steam je 


Minute. 

That by an Experiment made at a Fire-Engine, 40 

Gallons of Water per Hour, made into elaſtic Steam, will 
give Motion to a 24 Inch 8 ; 

6. That 412/46. of Coals is ſufficient, in this Method, to 
rarify go Gallons. of Water fer Hour into Steam, whereas 
in the Common Fie-Engine, with Boilers, tis uſual to ex- 
pend three times as great 4 f 

7. That 95 Gallons of Water into Steam will 
work a 36 Inch r from all which he concludes, 
that his new Invention will fave at leaſt 60 prr Cent. in Pit- 
Coals to work a Fire Engine. 

8. The Method by which he found how much Steam could 
be produced from a given Quantity of Water was this. He 
procared a Copper Globe A 12 Inches in Diameter, with 
two Braſs Cocks BB o te to each other ; by one of theſe 
the Globe was faſten'd to 4 Pipe E, which was fix d to the 

Part of one of the Steam Veſſels (as at N) and was 
fill'd with Steam by the Cock F; upon the other Cock was 
fix'd a fmall Valve D, fitted to a Bore of one Inch Diameter ; 
and C is a Handle or Bale to ſufpend it by. 

9. The whole thus fitted weigh'd 15/5. 30z. Troy, or 
1246. 9 fer. Averdupeir, the Ca or Content was about 
92 5 cubic Inches. The Globe being fix d to the Steam - Veſ. 

, all the Cocks were turn'd, till the Steam by paſſing thro' 
had ſufficiently heated the Globe; then being ſtopp d, the 
Steam condenſed, and the Air let in, when weigh'd in a very 
nice Balance, the Weight was 1 5/6. 3 oz. 2 Het. ſo that the 
whole Quantity of Steam was but 2 Penny-Weights, or 1 of 
an Ounce Frey. Whence one Ounce of Water makes 9250 
cubic Inches of Steam. | 

10. The Globe fill'd with Water weigh'd 45 16. 7 
After this, it being fill'd with Steam, and one of the Cocks 
put under Water, the Water ruſh'd into the Globe, and the 
Cock 1 —. and the Globe of Water now 
weigh'd, eight was 4446. ger. which deducted from 
the former Weight, 140; which ſhew'd that all the 
Air was nearly excl or that a Vacuum was approach d 
to in the Ratio of 713 to 727; or the Part poſſeſs d by 4 
was bat the % Part of the Whole. 

11. The Air being again thus excluded out of the Globe 
by Steam, and both Cocks tum d, the Globe was thus weigh's 
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Tus abovemention'd prodigious Rarefactian 
of a ſmall Quantity of Water will be made very 1 
ſenſible by the A#zlipile, whoſe Nature and Uſe 1 
in the Production of @ continual and moſt power- 
ful Blaſt of Steam, or vapourous Wind, is a Pbæ- 
nomenon equally curious and ſurpriſing, as will ap- 
pear from the Experiment (LXXXIII.) 


and the Weight was 12 . 10 oz then one Cock was open d 
and the Air let 'in, upon which the Scale deſcended, and 4 an 
Ounce Averdupois, being added to the other Scale, reſtor d 
the Equilibrium, which was therefore the Weight of the Air, 
or 925 cubic Inches of Air weigh'd about 220 Grains. 

12. But it was found above, that the Globe full of Steam 
weigh'd only 2 Penny-Weight Troy, or 40 Grains; whence 
the ſpecific Gravity of elaſtic Steam is to that of Air as 40 
to 220, or as 1 to 5 nearly; and ſince that of Air is to Wa- 
ter as 1 to 860, therefore the ſpecific Gravity of Steam is 
to that of the Water, as 1 to 860 x 5 = 4300. 

13. Again, fince I of an Oance of Water expelled near 
925 cubic Inches of Air; then one cubic Inch of Water 
(which weighs rede of an Ounce Trey) will expel about 4630 
cubic Inches, but Mr. Payne takes 4000 for a Standard in 
Calculation, 


(LXXXIIT.) :. The Kor triIE is an Inſtrument contriv'd 
for Uſe, as well as Jucundity. Ir has its Name from the 
Fable of RKolus, the God of Winds and Tempeſts, who 
was deſcribed, as having his Palace in the Caves, and lock- 
ing up the Winds in the Hollows of the Mountains. The 
ord literally in is, the Gate 7 LEalur, (Ah 
] becauſe of the Similitude of its For it con- 
ſiſts of a Copper globular Body, in which is inſerted a ſmall 
Neck or Pipe, with a very ſmall Orifice, from whence (when 
the Veſſel has Water in it, and heated) a Vapour iſſues with / 
prodigious Violence, Impetuoſity and Force, and blows in the 
Manner of a terrible tempeſtuous Wind. | 
2. The Body of this Inſtrument conſiſts of two Parts, A pl. XXII. 
and B, ſolder'd together with bard Solder, to endure a you Fig. 7. 
Heat of Fire. On the upper Part is alſo ſolder'd the Pipe 
CD, whoſe Orifice or Hole at D is about the 4oth or 5oth 
Part of an Inch im Diameter. The Way to fill it with Wa- 
ter is, to ſet it firſt, while empty, on the Fire, which will 
T4 heat 
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V. Tux laſt Cauſe of the Motion of. Fluids 
which I mention'd was that of Attraction. We 
have already ſeen how by this means any Fluid 
will aſcend abave the common Surface in Ca- 
pillary Tubes, &c. But the moſt notable and 
obvious Motion of Fluids ariſing from Attraction, 
is that of the Tides; the Waters of the immenſe 
Qcean, fargetful, as it were, of their natural 
Quietus, move, and roll in ſwelling Tides obſe- 
quious to the ſovereign Power of the Moon, and 
weaker Influence of the Sun. 

To illuſtrate this, let NE SQ repreſent the 
Earth, covered over with Water ABDF; NS 
the Axis of the Earth, E. Q the Equator, IT R 
the Tropic of Cancer, t r the Tropic of Capri- 
corn, M the Moon in her Orbit, S the Sun in 
his. Now fince all Bodies are endued with an 
attracting Virtue, the Moon will attract all the 


heat it, and drive out all the Air; then with a Pair of T 
you take it off the Fire, and hold the End of the Pipe D 


under Water, and the Water will run in to poſſeſs the Space 


deſerted by the Air, by the Preſſure, of the Atmoſphere. 

3. For an Experiment, it need not be more then half full 
of Water, which will be a conſiderable Time in being changed 
into Vapour. The ſtronger the Fire, the better will be the 
Steam, and the more forcibly will it fly out, and it will continue 
this furprizing Blaſt, till it is wholly evacuated; then the Noiſe 
ceaſes, and a ſtill fine Aura follows the Steam. Great Care 
muſt be taken not to have the Hole at D ftopp'd in puttin 
it ir the Fire, for if that ſhould happen, the u Kehl = 
burſt with a great Exploſion (equal to that of a Cannon) and 
may do very great Miſchief, as I have twice experienced, and 
once it was e to' have been fatal; for then, when it burſt, 
the Power was 90 great, as to rend aſunder the Body of the 
Inſtrument, not in the Jointure, but in the ſolid Metal, which 
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Water in the neareſt Hemiſphere FAB, with 
Degrees of Force which are inverſely” as the 
Squares of the Diſtances from all Parts; and 
therefore with the ſtrongeſt Force where the Di- 
ſtance is leaſt, viz. in the Point A directly under 
her; and this Attraction being in this Hemi- 
ſphere contrary to that of the Earth, the Water 
in all Parts from B and F towards A will have 


their Gravity gradually decreaſing. and be lighteſt. 


of all at the Part A; and conſequently muſt there 
ſtand higher than at the Point F, where they are 
more attracted by the Earth, and ſo heavier, as 
is evident from the Laws of Hydraſtatics. 
 Acain: In the other Hemiſphere FDB, the 
Attraction of the Moon conſpires with that of the 
Earth; but decreaſing as the Squares of the Di- 
ſtances increaſe, the joint Force of Attraction will 
every where decreaſe from F and B towards D, 


ſo as to fly againſt the inner Part of the Mantle-Piece, which 
beat it both Sides together by the Violence of the Blow ; 
which, had it flown mto the Room, muſt have been fatal to 
any one or more who ſhould have been in its Way. 

4. To give an Idea of the Force neceſſary to burſt 
the /ZEolipile in the Manner above-mention'd, let us pro- 
ceeq; to Calculation. It has been found by Experiment, that 
a Copper Wire 7; of a Rhine-Land Inch in Diameter was 
broke aſunder by the Weight of 2995/5. hung on to it. 
Now the Rhine-Land Foot is to the London Foot, as 139 to 
135; the Diameter therefore of the Wire in Engl Mea- 
ſure was pb of an Inch, whence the Area of its tranſverſe 
8 27e, or very nearly +437 of an Inch 

5. The Diameter of the olipile is 4 Loches, its Circumfe- 


rence therefore is 12,566 ; its Thickneſs about 9, or 0,08 of 
an Inch, whence 12,566 x 0,08 = 1,00528 = the Area of the 


Y 4 the 
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rended Circumference of the Zolipile. Then ſay, by the 
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the Point oppoſite to the Moon; where, again, 
the Waters will be lighteſt, and therefore ſtand 
higheſt ta preſerve the Equilibrium. Whence it 
appears, that by this Sum and Difference of the 
Moon's and Earth's Attraction, there will neceſ- 
ſarily enſue a Protuberance or Swelling of the 
Waters, which we call Tides of Flood, in the two 
Points A and D directly under the Moon. Alſo 
in the two Points F and B, as the Waters are 
there moſt attracted, ſo they will be heavieſt, and 
conſequently riſe to the leaſt, Height from the 
Earth's Surface, whence they are called Tides of 
Ebb, or the Ebbing of the Water. 

Ir to the Power of the Moon' we add that of 
the Sun, we ſhall have the Tides conſiderably 
augmented at the Conjunct ion in S, or Oppoſiiion 
in H, that is, at the New and Full Moons, which 
are call'd ihe Spring Tides; as thoſe which happen 


Rule of Three, If I tr or 31 require 299% or 300/45. to 
break it, What will 1 ſquare Iuch require | The — is, 
3825046. for r: 30016. :: 1: 3825015. So the Force of 
the Steam which burit the ZEolipile was Thirty eigbe Thouſand 
and laue Hundred and fifty Pounds, or one Thouſand nine Hun- 
dred and twelve Tons and an half. 

6. This may ſerve as a notable Inſtance of the incredi- 
ble Force of elaſtic Steam, it being three times as. great as 
the Force of Gun-Powder in the largeſt Cannon, as calcu- 


- Iated in Annotat. XXV. Hence it appears of what prodi- 


— — Vapour would be, could we rarify 
ater into Vapour as ſqon, and with the ſame Eaſe, as we 
can ſet Fire to Powder. This Property of Air has already 


ſupplied us with Air. Guni i and with much greater Effect might 


* 


1 and other inſtruments, if that could be 


7. To wy this, one need only take a Vial with one Drop 
of Water in it, and ſet it over the Fire, till the Drop begins 


when 
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when the Sun is at O or P are call'd Nea Tides, 
the: Waters at A and D being then loweſt, be- 
cauſe the Attraction of the Moon 1 is then counter- 
acted by that of the Sun. 

Ir is farther to be obſerved, That of the tus 
Tides of Flood at A and D, that at A is greateſt 
to any Place T in Northern Latitude, when the 
Moon is in Northern Signs, and above the Ho- 
rizon ; for the Point A is then nearer the Zenith 
of the Place G, than the oppoſite Point D is to 
the ſame Place at R twelve Hours afterwards ; 
and conſequently, the Height of the Tide T G 
is greater than that of the oppoſite Tide R g. 
The contrary happens when the Moon is in Soath- 
ern Signs. 

Tnar there are /wo Tides of Flood, and t of 
Ebb, ſucceeding each other alternately at the In- 
terval of fix Hours, is obvious from the Figure. 


to rl in Vapour, and drive out the Air, then putting the 
Cork faſt into the Mouth of the Vial, ſet it on the Fire, and 
incline it to the farther Side of the Room, after ſome lirtle 
Time the Steam will di the Cork with a conſiderable 
Exploſion, and throw it as far as a Grain of Gun-Powder 
would have done. 

8. Or thus ; let a few of Water be put into a Piſtol 
or Gun Barrel, cloſed on the Breech-End, and a leaden Bul- 
ler thraſt hard into be Barrel 3 let the End of the Barrel! then 


be put over the Fire to heat, and expand the Water into 


Steam, which when it begins-to come out of the Touch-hole, 
will ſhew the Air to be all excluded ; then let the Hole be 
ſopp'd with a ſmall Plug. and in ſome time the Vapour will 
diſcharge the Bullet, with as much Force as a common Charge 
of Powder, and with the ſame Report and Execution. 

9. And though it may be difficult to contrive any Method 


NOTTS nut elaſtic Force in large Quan- 
That 
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That they happen later each Day near an Ilour, is 
owing to their exact Correſpondence to the Mo- 
tion of the Moon, which daily culminates ſo much 
later. That they happen not when the Moon is 
in the Meridian, but about three Hours after, is 
owing to the Force of the Moon being then 
greater than when in the Meridian of any Place; 
as the Heat of the Day is greater at Three 
o' Clock than at Twelve; and the Heat of the 
Summer is greater in Auyuſt, than at the 10 of 
June. Laſtly, that the greateſt Spring Tides hap- 
pen not at tbe 10 of March, and 12" of Sep- 
tember, but in February and October, is becauſe 
the Sun being neareſt the Earth in December, his 
Influence is then ſtrongeſt, and ſo muſt quicken 
the Time of the greateſt Vernal Tides ; and be- 
ing weakeſt in June, the Time of the Autumnal 
Tides will neceſſarily be retarded. 

Such are the Phenomena of the Tides, ac- 
cording to a general Theory, and are found to 
be e in thoſe Tate of the Earth's Sur- 


DEED SR TS A | 22 
with, at a: Diſtance from the — yet ſome 
thing of this Kind may be effected, An. py 
Quantity, of Water at the Bottom of the Cannon into Va- 
pour, by firſt putting a. red-hot Iron Bullet down the Bore to 
the Water, which it ſoon diſſipates into Vapour, and when 


confin'd at the Touch-hole, and another with which the Can- 
non is charged, it will ſoon become ſtrong enough to drive it 
with Foreh cngmghcer any greperes eg. So that the Sream- 
Gun, or even a Steam-Cannon, is perhaps a Matter not merely 
in poſſe,” but may be hoped for in Reality, if all proper Ex- 
pedients be tried, tried, and Experiments made for that Parpoſe 
face 
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face which are wholly cover'd with Water, as the 
Theory requires; I mean, the vait Atlantic aud 
IWeftern Oceans (LXXXIV.) + 


(LXXXTV.) 1. The Theory of the Tides is a Point of 
great Curiofity and Importance, and has therefore excited ſe. 
vera! learned Gentlemen to endeavour an Explanation thereof, 
in ſuch Ways, as they think the various Phznomena will be 
deſt and molt eafily underſtood. I have confider'd them all, 
and can find none which I think ſo natural and obvious as 
that which I have here propoſed. Nature herſelf here pointy 
out all the Phænomena, and that too plainly to want any Aſ- 
ſtance from the various Contrivances of Art; which I find by 
frequent Experience is more apt to puzzle than afford any 
Ecclairciſſement in this particular Caſe. 
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2. The Mathematical Principles of Theory are as follow. Plate 


Let T be the Centre of the Earth, O the Moon, and AC BD XXVII. 


the Circumference of the Earth, which ſuppoſe all around en- Fig. 1. 


viron'd with Water, whoſe outmoſt Surface is repreſented by 
the dotred Circle, and its Diſtance from the Earth's Surface is in- 


definitely ſmall in reſpect of the Earth's Semidiameter, Now 


'tis plain were the Moon away, or her Attraction at the Earth 
nothing, the Waters would every where have an equal Share 
of the Earth's attractive Power (ſuppoſing the Earth quieſcent) 
and ſo would take their Place at an equal Diſtance from the 
Centre, and therefore conform themſelves to a ſpherical Fi- 
gure, agreeable to what was ſhewn under the Laws of Hy- 
droflatics. . | 

3. But ſince the Earth is not quieſcent, but moveable up- 
on its Axis, the Centrifugal Force generated under the Equa- 
tor (where it is greateſt) will there diminiſh the Power of Gra- 
vity upon the Waters, and render them leſs heavy there than 
on ary other Part, and as the Centrifugal Force decreaſes to- 
wards each Pole, the Weight of the Water will increaſe, and 
be greateſt under either Pole. And fince Fluids, which com- 
municate with ,each other, maintain an Equilibrium, and if 
they are of different Weights, they have alſo different Den- 
ities, and conſequently require different Altitudes to ſuſtain 
each other ix Equilibrio; therefore it follows, that the Wa- 
ters under the Equator, which are lighteſt, muſt have a greater 
Altitude (or Diſtance from the Earth's Surface) to be in Equi- 
Aris with the Waters under the Pole, which are hgavier, 
and will therefore have a leſi Altitude. Henee the Figure of 


NM yniverſal Ocean will not be ſpherical, but a flatted Sphe- 


roid 


— ——— — — — 


nin OP continued out 
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roid. (like that of the fluid Earth, and for the ſame Reaſon” 
in Aznetat. XXXLV) whoſe longeſt Diameter is that of the 
Equator continued. 

4. But as this reſults from the diurnal Rotation of the Earth 
only, which is always uniform, and every where conſtantly 
the ſame, it can cauſe no Alteration in the Depth of the Wa- 
ter, in any particular Place, and therefore can bave no Share 
in the Cauſe of the Fix and R. fax of the Sea, at leaſt ſo 
little as not to deſerve Notice, and cannot be diſcern'd by 
the Senſes. However, what that is will be ſkewa in the Se- 
quel of this Note. 

5. The alternate Riſing and Falling of the Waters is there. 
fore owing to ſome other Caufe or Cauſes than what can be 
found in or upon the Earth ; that is, it muſt be owing to ſome 
of the Heavenly Bodies which we ſee at a LE iſtance fi om us. 
This the Ancients made no Doubt of ; and aſcribed it to the 
Influence of the Moon, with good Reaſon, as they ſaw ſo 
plain a Congruity between the Motion of the Waters, and 
that of the Moon, They could not alſo but obſerve, that 
at each New and Full Moon the Tides were greater than 
at other Times, and were therefore aflur'd, the Sun wa; 
likewiſe concern'd in the Cauſe of the Tides. Yea, Phny 
aſſures us, that they were ſo nice as to obſerve the annual 
Pheanmena of the Lide; and knew that the Tides were greater 
in Winter than in Summer. But they had no Theory to ac- 
2 for the diurnal, menſtrual, and annual Differences of 

Tide. This was reſerv'd for the Invention of the cele- 
brated Author of our Philoſophy, whoſe Footſteps, therefore, 
we ſhall here inſiſt on as near as poſſibly we can, in expli- 
cating all the particular Phenomena of the Tides. 

6. Since (as we-have fhewn) all Bodies mutually attract each 
other, the Moon at O will attratt the Earth at T, and its 
Waters, as well as be attracted by it. But fince the Law of 


Attraction is to decreaſe, as the Squares of the Diſtances in- 


creaſe, the Water at A, P, C, B, or at A, D,p, B, will be 
differently affected by the attractive Power of the Moon at 0; 
the Attract on at A will be greateſt as being neareſt, that at 
B leaſt, and at C or D, it will be at a Mean, and the fame 
nearly as at T the Centre of the Earth, becauſe of the very 
great Diſtance T O in reſpect of I C. 
Let us conſider the Caſe of one aqueous Particle at P. 
d compare it with that of A in the neareſt Heiniſphere 
CAD; and of another at p compared with that of B in the 
ſartheſt Hemiſphere CB D. Draw the Lines O P and O/; 
let OK repreſent the mean Attraction. 
N or 


% 
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or that of the Particle C, and let it be made as OL: OK :: 
n 
OK“: OP; then will OL. OK 557 t 5K · r OK: 


1 K and OL wi 
5E © OL: g7Þ wherefore O will repreſent 


the attractive Forces of the Moon on the Particles at C and 
P, as being inverſely as the Squares of the Diſtances. 

8. In Ike Manner, if we take O“: OA:: OI: Op?, 
then will O!“ be the Force with which the Particle p is af- 
feted by the Moon. Continue out OT, and draw LM pa- 
rallel to PT, and /m to pT. Then is the Force O L re- 
ſolvable into the two Forces LM, and MO, and the Force 
Ol into I, and O. Now ſince L M and /m directly con- 
ſpire with PT, and p T, they will expreſs Forces to be ſuper- 
added to the Attraction of the Earth upon the Particles P 
and p ; and therefore unleſs theſe additional Forces were e- 
very where the ſame, the Waters about the Earth's Surface, 
cannot have an equal Power of Gravity towards the Earth's 
Centre; and ſo cannbt exiſt in a ſpherical Form. 

9. In ordec to ſee this, we have (by ſimilar Triangles LOM 


and POT) LM:PT::LO:PO; whence u 


but ſince Log. (by At. 7.) we have LM 
PT 1 


| 1 
ſame Reaſon /m = FO? 


but ſince P O is leſs than O, LM will be mach greater than 
In, conſequently the Water at F and ↄ will be affected with 
very different Forces, and therefore will not tend equally to 
the Earth's Centre T, or be at an equal Diſtance from it. 
And this Difference of Forces will be greateſt of all at the 
Points A and B, for there theſe perturbating Forces will be 
as AO? and BO? inverſely, which Cubes have the greateſt 

Difference of all others. | 
. 10. Now this is only one Part r the Attraction of the 
Moon which diſturbs the Waters; the other Part M O makes 
this Perturbation ſtill greater ; for if T'O be the Force with 
which the Earth's Centre is attracted by the Moon O, tis 
plain the Waters can never accede directly towards the Moon 
with the ſame Velocity that the Earth does, unleſs when MO 
and m O are equal to TO, that is, at min, D. 
rom 


* 
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that is, LM: /m ::p0?:PO?; 
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From M O ſubduct TO, the Remainder T M will be the Ex. 

ceſs of Force, by which the Waters in every Point P, of the 

Hemiſphere CAD will be accelerated towards the Moog 

more then the Earth itfelf ; and T will expreſ the Force 
2 by which the Earth tends towards the Moon more than the 
| 5 Water at any Point y in the remote Hemiſphere C BD. 


N 


| ſpe& to OP, is thus found; as MO:OT::LM:PT; 


'S i OT XUL ü 
| _ wherefore MO Pr M - but fince both OT and PT 


. 7 
Abel. Effe ue cont, we have MO s LM, I. . MO is as —— 


PO 
1 x 
L497 * Therefore at A, MO will be a ; and at B, mO will 


be an 55-5, "that is, in reſpekt to the Points A and B. we 
| Lew have MO: O:: OB*:AO7; and ſince theſe Cubes arg 
e. the-greate® of l ochers the Waters will be accelerated in 
{eas the Moon with the greateſt Difference of Attraction, 
and at B with the leaſt; confequently the Water will there on 
this Account alſo recede moſt from a ſpherical Figure. 
12. Therefore, ſince both Parts of the Moon's Force are 
porportional to the Cubes of the Diſtance of the Luminary 
inverſely, they will both conſpire to make the Warts A 
and B recede from the Centre of the Earth T, and put on a 
| ſpheroidical Figure, whoſe longeſt Axis B A goes towards the 
| Moon's Centre O. The Force MOzzM T + TO; but fince 
| the Part T O is always the ſame, the perturbating Part will 
be only T M, which will be as MO—TO, and fo when 
MO=TO, then T M=0; which happens when P is at 
f | Cor D; and then alſa L M coincides with PT, and both 
with CT; whence fince in that Caſe the Line O K becomes 
WE. O C=OT, the perturbating Forces will in Part vanith (ais. 
(| TM) and the other Part LM will make the Waters at 
C. heavier than in any other Place; and fince every thing 
4d pens inverſely, with regard to the Partitle p, it follows the 
Waters about the Points C and D will be at a leſs Diſtance 
| from the Earth's Centre than any where elſe, hence CT D 


will be the ſhorteſt Diameter of the aqueous Spheroid 
ACBD. | 1 
Effects upon the Water, about the Earth; only in a lefler De- 
. gree. For tho' the Momentum, or abſolute Force of the Sun 
3 upon the Waters is much greater than that cf the Moon, 
| yet the Pans of the Force which. diſturb the Figure of tho 
| = 29veo 5 


11. The Proportion of the Part of the Force MO, in re- 


| 13: The Sun at 8 is ſhewn to produce the fame' Sort f 
: , 
| 


© 


s 6: att a; ads & ctmco©£© © fra 
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aqueous Globe, wiz. LM and In, and T M, and T will 
in this Caſe be leſ: than before, on account of the much greater 
Diſtance T'S than TO. As the perturbating Forces of the 
Moon in the Points A and B are as BO* to A0, thoſe 
of he Sun will be as SB* to SA. But the Difference of 
theſe latter Cubes is much leſs than that of the former, be- 
cauſe of their vaſtly larger Roots SB and SA. For Exam- 

le, Supppſe O A= 10, OB=11; and SA= io, and 

B= 101 ; thenO A®: OB? ::1000:1331:: 100: bY near- 
ly. But SA*:SB7 :: 1000000 :. 1030301 :: 100: 103 near- 


ly, 
LP Hence we ſee, that both the Luminaries produce 2 
Tide in two oppoſite Parts of the Earth's Surface A and B, 
in a Space of a Day proper to each, i e. in the Space of a 
Lunar and Solar Day, or the Time in which the Moon, or the 
Sun, after leaving the Meridian, comes to it again. The 
Lunar Day (becauſe of the Moon's quick Motion conſpiring 
with that of the Earth) is about 50 Minutes longer than the 
Solar Day of 24 Hours. And thoſe Tides will always be 
moving the ſame way, ſometimes together, ſametimes ſepa- 
* that of the Moon always following after that of the 
Sun. : 
15. In order to compute the Forces of the Sun and Moon 
to raiſe the Waters, we will ſuppoſe (at preſent) that P is the 
Moon, and T the Earth, then LM will be the Addition of 
the Moon's Gravity to the Earth ariſing from the Action of 
the Sun 8. When P is at C, then LM will be as CT, 
which let us call A. The Gravity of the Earth towards the 
Sun will be expounded by TS, which call F, that is, let 
CTiTS:A:F. Let P be the periodical Time of the Earth 
about the Sun, and p that of the Moon about the Earth; alſo 
let / be the Force of Gravity in the Moon towards the Earth. 


den will F.: Vit Fr bey Ke. xxx 6.) there. 
ne : | FA Fy \ 
| F: * 755 conſequently, 7 mn 7 that is, 


= whence A: Ju g : P* ; or the additional Gravity 


to the Moon at C, is to the Gravity of the Moon towards the 
Earth, as the Square of the Moon's Period to the Square of the 


Earth's Piricd. Now p= 27 Days 7 Hours 43'; and F = 
365 Days 6 Hours gf, whence p* : P* :: 1000: 178725 
I: 178 %u A:. 

16. Now the Semidiameter of the Earth being put = 1, 
and G = Power of Gravity on its Surface z fince the Mean- 


* 
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en 
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we had f= 


eee. 


Diſtance of the Moon from the Earth is 60 Semidiameters of 
the Earth, we ſhall have f: G:: 1* : 60 :: 1: 3600 ; there. 


fore 3600 f= G, and f= 8 which being put for 7, 
in the Proportion above, we have A. 585 * 1 178,723 


whente 178,725 A= _ Therefore A: G:: 1 : 178,725 
x 3600 = 643400. 

17. What we have hitherto ſaid is upon Suppoſition that 
the Moon revolves about the Centre of the Bach at Reſt; 
but this is not the Caſe, for both the Earth and Moon re- 


volve about one common Centre of Gravity (as we have 


ſhewn Aunotat. XXXVI.] and allowing the Maſs of Matter in 
the Moon to that in the Earth as 1 to 39,788, we find the 


true Mean- Diſtance of the Moon from the Earth revolving 


about the common Centre of Gravity, to be 60,5 Semidia- 
meters of the Earth ; but the Force by which it is retain'd in 
its Orbit at 60 Semidiameters, is to the Force retaining it at 
604 (revolving in the fame Time as before) as 60 to 60; 
(as was ſhewn Aunotat. XXXIV. 8.) Wherefore 60: 60; :: 7 
25 =F tray equated. Bat bens and before 
6G 60f-__ Ga 60,5G | 
50 60,5 50. 60x60x60 
=f; wherefore A: G: 1: 643400 x = = ,638059,78 
earn 4d 

+ 18. After the ſame Manner it is ſhewn, if any Body Pte. 
volve about the Earth at its Surface, it would at C have an addi- 
tional Gravity a, which would ber, ; therefore A: a :: 604 


I 7 : =, | whence x= 604 a = 602 x '$48059,78 = 
38602616,7. Now becauſe the Waters will de affected juſt 
in the ſame Manner as ſuch a Body. revolving at the Earth's 
Surface, by the Influence of the Sun, (becauſe both will 
yield to an impreſe d Force) therefore the Poxwer-of the Sun to 


zncreaſe the Gravity of the Waters at C and D, is to the Power 


of Gravity as 1 38602616, 7. 
19. Ig order to eſtimate this Force at A and B, we mult 


| find the Value of LM there, by which the Particle at A i 


impel d 


Py 
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impell'd towards T; and of T M, by which it is impell'din 
a contrary Direction towards S. Then will the Difference of 
theſe two Forces, wiz. TM -L M, be the Force required. 
In order to this, it muſt be conſider d, that on account of the 
prodigious Diſtance of O in Compariſon of P, the Angle 
POT will be exceeding ſmall, and the Lines OL, OM, 
may be look'd upon as parallel, and therefore LM=PT, 


andPL=TM, very nearly. 
20. Then when P coincides with A, and K with T, we 


have LM=AT=PK, and TM=PL=AT+EL; 
wherefore TM— LMS = KL, which therefore is the whole 
Force by which the Waters at A are drawn from the Earth's 
Centre T. In the ſame Manner it is ſhewn that Ty —/n= 
IS to the whole perturbating Force at B. 

21, Again, fince SP is nearly equal to SK, and it is SL: 
SK::SK*:SP?, and therefore SL—SK:SK::SK*—SP?*: 
SP*, that is, KL:SK:PKxSK+8SP:SP*® (becauſe the 
Difference of the Squares of any two Numbers is equal to 
their Sum multiplied by their Difference; thus a+ 6 x a—6 
=aa—b66b.) Therefore, ſince SE SP, we have KL: 
SP::PKx2SP:SP*::2PK:SP; wherefore KL=2PK, 
and PLETM=3PK. | 

22. Hence, when P coincides with A, we have PKE=AT 
=PT= LM, and therefore TM=PK =; LM; whence 
TM—LM=KL=2zLM=2:AT=2CT. But CT 
expreſſes the additional Gravity at C; therefore K L=2TC, 
is the Force.by which the Waters are drawn from T towards 


G 
S; =a = = 
3 as 786026767, we have KL: 
2 


77502578, 10307308, that is, the Diminutian of the 
Gravity at A is double the Increaſe of it at C, and is the 


I ; f 
n 
23. Hence the Sum of both the Forces KL L M= 
2G | R = G 
38020167 T 7860201077 38602616,7 12867538, \ 
or the whole Force of .the Sun ta agitate the Waters of the 


Ocean I . 
will be the 28875850 t of the Gravity or Force 


of the Earth's Attraction. This is the Force in any given 


Place to which the Sun is vertical, and in his Mean-Diſtance 
from the Earth. In other Poſitions of the Sun, the Force 
will vary in the Proportion 7 the verſed Sine of double the 
* * , ; 9 Sun's 


— 


* 


— 
. 
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flance from the Earth inverſe 4 


HyDrAULI1CS. 
Sur's Altitude above the Horizon directly, and the Cube of its Di- 


h. 
24. It has been ſhewn the centrifugal Force of the 
Pas of the Earth under the Equator is 2g Part of Oi, 


( Annotat. XXXIV. 20.) wherefore the centrifugal Force is to 
the Sun's Force to agitate the Sea, as 128675 38,9 to 289, 
or as 44524,4 to 1. Alſo ſince the Diameter of the Equa- 
tor is to that of the Poles as 230 to 229 (as was there ſhewr), 


if we ſay as 229: 230 :: 4000: 4017,5, the Difference 17,; 


Miles, or 924000 Feet, is the Effect or Elevation at the E- 
quator, occaſion d by the centrifugal Force, Say then, As 

524,4: 924000 2; 1:2,07==2 Feet 4 of an Inch = 24,8 
— which therefore is the Height which the Sun can e- 
—_ the Waters to at A and B above that at the Points C 

25 In this Computation, Prof />r Eurex has thought ft 
to find great Fault with Sir Isaac Newrox, and his Prin- 
ciples, calling this Altitude of 25 Inches an en rmous and r- 
roneous Effelt, becauſe his own Calculation produces but f 4 
Foot, or a little more, for the Height to which the Sun can 
elevate the Sea. But fince Meſſrs. Bernoulli and Mac Lawn 
have each of them ſeparately inſtituted the Calculus, and re- 
ſolv'd the Problem, with ſuch an exact Agreement with each 
other, and with Sir /ſaac, there is no room to doubt of the 
Truth of it; and it appears to on as certain Princi- 
ples, and more evident than thoſe which Mr. Ealer has ad- 
yanced in ContradiQtion to Sir at N.wwton. 

26. The Power of the Sun to move the Waters has been 
computed by means of the periodical Times of the Earth and 
Mcon; and after the fame Manner might be computed the 
Force of the Moon to diſturb the Waters, were there any &. 
tellite revolving about the Moon to compere its periodical 
Time with the Moon's periodical Time; but as there is none, 
we muſt have recourſe to other Methods, the eaſieſt of which 
is, to collect the Proportion of the Force of the Sun and 
Moon from the Proportion of their Effects on the Waters of 
the Sea; that i, by obſerving the Heights to which they riſe 
when they act together, and when they act contrarily ; thus 
Stir nizs obſerved at the Mouth of the Auen, at the this 
Stone below Bride, that the Water in the Syzygies was a. 
bout 45 Feet, and in the Quadratures about 25 Feet. Allo 
at Plymouth, Captain Calprefs obſerved thoſe Elevations to be 
as 20x to114z, or 41 to 23. At Havre de Grace the Al 
rades have been obſerved 2s 37 to 11. The Mean of a 
theſe Proportions is 20 to 6. Let S= the Sun's Force, uf 
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; = the Moon's Force; then will L S: IL-8: 10:62 
5:3; whence L: 8 4 1, or the Force of the Moon will 
be about 4 times greater than that of the Sun. 

27. And this would be a Determination ſufficiently exact, 
were the Sun and Moon in the Equator, in their Mean- Diſ- 
tances from the Earth ; alſo were the Tides to be greateſt and 
leaſt in the Syzygies and Quadratures, and the Diſtance of the 
Moon the ſame in each; but fince all thoſe Things are found 
otherwiſe in Fact, we ſhall have the abovemention'd Propor- 
tion varied by them in ſuch manner, that it will become at 
laſt 1,017523 L+ 0,7986355 8: 0,9830427 x 0;8570327 L. 
—0, 7986355 :: 5: 33 or, putting Letters for the Numbers, 
a=1,0175, b=0,7986, c = 03983, 4=0,857, we 
have aL+bS:cdL—6S:: 8555 | 

29, Hence a L+bS= 5, and c4L —bS= 3; whence 
Das, which ſubſtitared in the other Equation gives 
dL 5 TLZ YZ, or cdLþeaL2=8, whence L 
3 r then 1 =0,7808=S., Where - 
fore 8: L:: o, 7808: 4,301::1: 5,508; but if we take the 
Mean- Proportion of Tides as 9 to 5, as Sir _ Newton has 
done, then 8: L:: 1: 4,4815. Since the elevates the 
Water 25 Inches, the Moon will elevate it 25 x 5,508 In- 
ches =137,7 = 114 Feet. The Sum of both Forces ſhould 
elevate the Water 131 Feet at the New and Full Moon, and 
the Difference of the Forces ſhould raiſe the Water 94 Feet, 
& in the Quarters; and theſe Heights anſwer” pretty well to 
Obſervations : For in the Atlantic and Z:hiopic Oceans the 
Tides are found from 6 to 15 Feet Altitude, and generally 
higher in the great Pacific Ocean. In ſhort, that the Phæ- 
nomena of the '1'jdes, in this reſpect, may anſwer to the The- 
ory; the whole Globe ſhould be cover'd with very deep Wa- 
ted; at leaſt the Ocean ſhould not be leſs than go Degrees 
wide, or one Quarter of the Globe. n 
Nh. The Suih of all that has been ſaid is this: If NOP 
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Q Plate 


Surface of the Earth, T its Centre, IFKGLHCE XXVIl 
a Circle repreſenting the ſpherical Surface of the Waters co- Fig. 2. 


vering the Earth; and affected only with the Gravity of the 
Earth ; upon placing an attracting Body at 8 at the Di- 
ſtance 8 T, the Waters will no longer continue their ſpherical 
Lures but be immediately drawti into a ſpheroidical Figure 
A -B D; in ſuch manner; as to be depreſs'd at C and D to 
Mand K, and elevated from L and I to A and 0.98 


the Elevation AL or BI is double the Depreſſion 
282 ö D 
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DK. That if S be the Sun, then AP—=OK=AL+ 
KD = 25 Inches; or 115 Feet, if S be the Moon. That at 
the Points E, F, G, H, (which are call'd the O&ant:) the 
Water is neither elevated nor depreſs d. That if any other 
Body be placed at O (as the Moon) in the ſame Right. lie 
TS; then by the joint Influence of both S and O, the Ele- 
vation at A and B will be increaſed, and the Depreſſion at 
C and D likewiſe. Laſtly, if S be in the Situation &, or 
vertical to the Point D, tis plain its Action to raiſe the Wa. 
ter D will be directly contrary to that of the Moon in de. 
preſſing it there; wherefore the Depreſſion will not be fo great 
as before ; for the ſame Reaſon the Elevation at A and B wil 
be diminiſhed, being now only as the Difference of the two 
Forces, whereas before they were as the Sum. 

-*30. We ſhall now-confider the Phænomena of the Tide: 
which remain; and firſt, it is evident, that if PN be the 
Axis of the Earth, and Q O the Diameter of the Equator, 
then the Moon ſituated at O, over one of the Poles, would 
accumulate the Water over each Pole, and the Spheroid would 
be ſo poſited as to have its longeſt Axis A B coinciding with 
the Axis of the Earth PN. In this Pofition of the Spheroid, 
tis plain, there could be no ſuch Thing as a Tide in any 
Part of the Ocean over all the Earth, for every Section of the 
Spheroid, parallel to the Equator, would be a Circle; conſe- 
quently in any Parallel of Latitude, the Water would be at 
an equal Diſtance from the Earth's Surface every Moment of 
the diurnal Revolution, or natural Day, 

31. Suppoſe the Moon were removed from the Direclion 
of the Earth's Axis, and poſited at 8, then will the Axis of 
the aqueous Spheroid A B be turn'd towards 8, and make at 
Angle with the Earth's Axis, ax ATPor BT N. Then ve 
obſerve, that ſince C, D, are the Places of loweſt Water, that 
Parallel I Kwhich paſſeth thro' the Point I on one Side the Equa- 
tor, and L M which paſſes thro” M on the other, will divide the 
Earth incothree Zones, in two of which, vis. EN K and LM. 


there will be but one Tide each Day, of the ſame Kinds for 


inſtance, in the Parallel EF, a Perſon at F will have bigl 


Fig. 4: 


Water, and at E low Water 12 Hours after. Again, in 1 
the Zone I KML, there will be-two Tides of the ſame Kind 
each Day, as is evident from the Figure. Theſe Limits, ot 
the Arch QI or OM js the Complement of the Moon's De- 
clination from the Equator. 

32. If the Moon at $ be over the Equator, the long® 
Axis of the Spheroid A B will now coincide with the Plane 
of the r and the ſhorter Axis C D with the Aus 
of the Earth N P. Here tis obvious, that in this Situation 
of the Sphecoid, the Waters in the Paris A, B, with ze 
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HyDRAaULICS. 


to thoſe at CD, will give the greateſt Difference of high and 
low Water poſſible to all Parts of the Earth; and that there 
; no Place but thoſe two at the Poles N, P, but what has 
two Tides of Flood, and two of Ebb every 24 Hours. And 
this Difference of the Flux and Reflux will decreaſe from the 

uator to the Poles. | : 

33. I have already obſerved that the greateſt Elevation of 
the Waters is not when the Luminary is in the Meridian, but 
about three Hours after, becauſe the Motion communicated 
to the Waters during the Arrival to the Meridian is not im- 
mediately deſtroy' d, but remains ſome Time, and receives a 
farther Augmentation from that which is impreſs'd for about 
three Hours after. For the ſame Reaſon, we obſerve, the 
greateſt and leaſt Tides happen not on the Day of the Syzygy, 
or Quadrature, but on the zd or 4th after; the Sum or Dif- 


ſerence of the Forces of che Luminaries not being till then at 


a Maximum. 
N Let 8 FE G be the Orbit of the Moon about the Earth 
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OP, which as it is not circular but elliptical, the Centre Plate 


of the Earth T will not be always at an equal Diſtance from XXVII. 


the Moon ; but the Moon will be ſometimes neareſt the Earth, Fig. 5. 


as when at 8, and ſometimes fartheſt off, as at E. The Point 
S is call'd the Perigæum, or Perigee; and the Point E the 
Apogetum, or Apogee. The Power of the Moon in her Pe- 
rigee is to that in the Apogee nearly as TE* to T'S3; 
and conſequently the greatelt Tides will be on the Day of 
the Perigee, or rather a few Days after, for the Reaſons above-- 

mention'd. | ; | 
35. This is very nearly agreeable to Experience. For in 
the Year 1713, February 26. the Elevation of the Water at 
Briſtol was 22 Feet „14 and on March 13th, it was 
18 Feet 2 Inches. The Moon, in the firſt Caſe, was in her 
Perigee, and diſtant from the Earth 953 Parts, of which tke 
Mean- Diſtance contains 1000, In the latter Caſe ſhe was in 
her Apogee, and her Diſtance was 1032, Now 1032* : 
53* 33 223 Feet: 17 Feet 8 Inches, which is but 6 Inches 
eſs than the Altitude obſerved All other Circumſtances were 

equal in both Caſes.  - | 8 

36. In like Manner, ſince the Earth moves about the Sun 
in an Orbit in ſome ſmall Degree elliptical, the Sun will be 
at one Time neareſt to the Earth (and that is call'd the Peri- 
helium) and at another Time fartheſt diſtant from it (which 
is then call'd the Aphelium]. Now: when the Earth is in Rr 
Peribelium, ¶ December ) or a few Day: after, the Force of the 
Sun to move'the Waters, will be greater than when in het 4p5e- 
lam (in June). Thus it was obſerved in the Year 1712, De: 
cember 
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| cenber 28, the Water aſcended 19 Feet 2 Inches, and o 
| Jane 19 (ofthe precing Year) it aſeended but to the High 
| of 18 Feet 4 Inches: The Diſtance of the Moon, "3g 

| ing the ſame in each Caſe, which will be found nearly to an. 

ſwer to the Ratio of the Cubes of the Diſtances inverſely, or 
of the ent Diameter of the Sun directly. 

37 Diameter AB of any Body de. 

with the Angle ACB under which it is feen, ſo that 

at C and D it will be as the Angles AC B and ADB; and 
theſe Angles decreaſe as their Radii (or the Diſtances) CF, 

DF, increaſe ; it follows that the apparent Diameter AB is 

every where inverſely as the Diſtance, that is, at C or D 


amet6r of the Sun be = D, and TS the Diſtance of the 
Sun, then fince D = , and the Sun's Force (F) to more 


| Io 
| the Sea as Tgr (5 ſhewn in Are. 9) theteſore F =; = 


| ; of the Luminary to move the Sea it 
edirefly as the Cube of the apparent Diameter thereaf. 

** 38. As the Foree of the Moon to move the Waters is 2 
. a Medium about 5 times er than that of the San, which 


be le in the Motion of Pendulums, ** Kind 
ic or Hydroſtatic Experiments. In the Motion of the 
* Waters of the Sea only can it produce any ſenſible Effect. 

| 39. To eſtimate the Elevation of Waters which the Earth 
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to LC, which let be a» F to /r, then F: T:: 355: 100, whence 
r. A, and above we have F == 4of, therefore 4000 


= and fo f: Vn 365 : 4000: 1: 11 wear; that i 
| r E F, Tab 1 126 the Water ot the Mam C, 
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HyDRAULI1CS. 
to that of the Moon at the Earth A as 11 to 1, very 


nearly. 

40. If then the Moon can raiſe the Water here 10 Feet, 
the Earth can raiſe the Water there to the Height of 110 
Feet ; but becauſe the Moon always turns about her Axis in 
the ſame Time as ſhe revolves about the Earth, and by this 
Means ſhews always the ſame Face to the Earth, the Waters 
(f any there be) will be raiſed on this and the oppoſite Side, 
and always continue over the ſame Part of the Moon's Sur- 
face, ſo that there can be no different Heights of Water 
there, and conſequently no Tides, except what ſmall ones 
may happen on Account of the Sun's Attraction, and her va- 
rious Inequalities of Motion, and Diſtance from the Earth. 

41. The Air, which is 860 times lighter than Water, muſt 
yield in Proportion more eaſily to the attrafting Force of the 
Sun and Moon ; and therefore the Tides will ih this profound 
and vaſt Aerial Ocean be very conſiderable and importing. But 
of this the Reader may expect a further Account when we 
come to treat directly of the 4rmo/phere in the next Lecture. 


Toe End of the Fixgr Vol uux, 
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